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What is ithe most reliable method 


for diagnosing prostatic carcinoma? 
Rectal palpation. 


How accurate is it? 


80% accurate. 
Source —Malament, M.: J. M. Soc. New Jersey 54:115, 1957. 


in advanced prostatic carcinoma 


STILPHOSTROL* TABLETS AMPULS 


Diethylstilbestrol Diphosphate, AMES 


« Has “...an effect over and above ordinary estrogen therapy.”! 

« Relieves pain, diminishes urinary symptoms, promotes well-being.! 

e “...easy and safe to give very large doses...intravenously or by 
mouth... 

(1) Flocks, R. H.; Marberger, H.; Begley, B. J., and Prendergast, L. J.: J. Urol. 

74:549, 1955. (2) Flocks, R. H.: J.A.M.A. 163:709 (Mar. 2) 1957. 


Available: AMPULS: Boxes of 20. Each 5 cc. ampul contains diethylstilbestrol 
diphosphate 0.25 Gm. as a solution of the sodium salt. TABLETS: Bottles of 50. 
Each tablet contains diethylstilbestrol diphosphate 50 mg. 


AN) AMES COMPANY, INC « ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 44087 
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infection rates down 7 A% 


(Antibacterial detergent containing 3 per cent hexachlorophene) 


Superior to other hexachlorophene-containing preparations “Repeated studies have shown that when 
used over similar periods of time . . . pHisoHex is more effective than the available bar soap 


preparations or the liquid preparations containing hexachlorophene.”! 


Fewest infections pHisoHex has reduced postoperative infections by as much as 75 per cent? when 


used as a surgical hand scrub and for preparing the patient’s skin prior to operation. 


Prompt, prolonged degermation pHisoHex degerms while it cleans, kills fresh bacteria accumulated 


on the skin after its use and produces virtual sterility of skin surface in many constant users. 


1. Zintel, H. A.: Surg. Clin. North America, 36:257, Apr., 
1956. 2. Freeman, B. S.; and Young, T. K., Jr.: Arch. Surg., 


e 
61:1145, Dec., 1950. uithvop LABORATORIES 


pHisoHex, trademark reg. U. S. Pat. Off. New York 18, N. Y. 
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EDITORIAL 
Robert M. Zollinger, m.p., Editor . 


Tuurston Scott WELTON 


SCIENTIFIC PAPERS 


Synthetic Materials As Vascular Prostheses 


I. A Comparative Study in Small Vessels of ci Dacron, Orlon, Ivalon asia 


J. Haro_tp HARRISON 


Grafts of nylon, dacron, orlon, ivalon sponge and teflon, with a wide range of physical 
properties, were inserted into the abdominal aorta, carotid and femoral arteries of 133 
dogs. Frozen, dried homografts were inserted into the abdominal aorta of ten dogs as 
controls. The results, favorable and unfavorable, are enumerated. None of the synthetic 
prostheses studied are satisfactory for replacing blood vessels less than 5 mm. in diameter. 


II. A Comparative Study of Nylon, Dacron, Orlon, Ivalon Sponge and Teflon in 
Large Blood Vessels with Tensile Strength Studies 


J. HaroLtp HARRISON 


16 


Grafts of various materials were inserted into defects of the thoracic aorta of eighty-four 
dogs. Follow-up studies included tensile strength determinations on the materials making 
up the grafts for periods up to two years. 


Experiences with Arterial Grafting for Major Arterial Occlusive Disease 


25 
Harvey R. ButcuHer, Jr. AND JoHN R. RosBInNson 
The authors discuss the results of arterial reconstitutions in sixty consecutive patients, 


in order to add data which may aid in delineating indications and technics requisite to 
successful surgical amelioration of arteriosclerosis. 


Pulmonary Sequestration. A Review of the English Literature with a Report of 
Four Cases 


Lr. Cot. ALAN B. Maysor JosepH L. HANNON AND 
Cot. S. W. FRENCH, 11 


The English literature on the subject of pulmonary sequestration is reviewed. Current 
opinions of etiology, pathogenesis, diagnosis and treatment are presented. Four cases of 


intralobar pulmonary sequestration are reported. The authors conclude that this afflic- 
tion is a definite surgical entity. 


31 
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no 
refrigeration — 
required. 


Sterile anesthetic adjuvant 
for rapid, brief 
skeletal muscle relaxation 


Stable, and ready for instant reconstitution, via the INCERT® method, 
this myoneural blocking agent produces rapid but brief skeletal muscle 
relaxation, both pre- and post-surgically. 


Needs no expiration dating... sustains high potency in storage at room 
temperature... INCERT pump-units permit addition of multiple doses 
... immediately reconstituted in bulk parenteral solutions... aseptically 
transferred to bulk solutions without needle or syringe... safe, sterile, 
closed-system additive method... economical. 


Supplied in sterile additive vials containing 500 mg. and 
1000 mg. expressed as anhydrous succinylcholine chloride. 


ALSO AVAILABLE IN INCERT® 
VI-INCERT (Lyophilized B Vitamins with Vitamin C) — five essential B vitamins and 
vitamin C. INCERT T41—Thiamine HCI 25 mg., Riboflavin 10 mg., Niacinamide 100 
mg., Sodium Pantothenate 20 mg., Pyridoxine HCI 20 mg., Ascorbic Acid 500 mg. 


POTASSIUM CHLORIDE SOLUTION INCERT T2010 — 20 mEq. K* and CI~ in 10 cc. 
sterile solution (2 mEq/cc.). INCERT T2020 — 40 mEq. Kt and Ci~ in 12.5 cc. 
sterile solution (3.2 mEq/cc.). 


POTASSIUM PHOSPHATE SOLUTION INCERT T31 — Potassium Phosphate (1.579 


gm. K2zHPO, and 1.639 gm. KH2PO, per 10 cc.). Contains 30 mEq. Kt and HPO=4 
in 10 cc. sterile solution. 


CALCIUM LEVULINATE SOLUTION INCERT T51 — Calcium Levulinate, 10% solu- 
tion, 1.0 gm. (6.5 mEq. of Calcium) in 10 cc. sterile solution. 


TRAVENOL LABORATORIES, INC. 


pharmaceutical products division of 


BAXTER LABORATORIES, INC. 


morton grove, illinois 
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Critical Evaluation of Aspiration Biopsy in the Diagnosis of Tumours of the Thyroid 
Wito_p Rupowsk1 
Doctor Rudowski is senior surgeon at M. Sklodowska-Curie Institute of Oncology, War- 
saw. He claims aspiration biopsy is a diagnostic method with which it is possible to ob- 


tain a definite or tentative diagnosis in 80 per cent of thyroid tumors. To obtain posi- 


tive results, a proper technic of aspiration biopsy and the wide experience of a patholo- 
gist are essential. 


Carcinoma of the Thyroid. Review of Sixty-Four Cases 


Masor Jack B. Jay, Masor Bitte G. STREETE AND 

Cot. Rosert T. GANTs 

Thyroid carcinoma is discussed from the therapeutic standpoint, illustrating the need 
for total thyroidectomy and radical neck dissection. The high incidence of contralateral 
intrathyroid metastases and cervical metastases, plus the fact that metastases occur 
from metastatic lesions, indicates the need for radical therapy. Carcinoma of the thyroid 


is not a benign disease, but one which will slowly but surely kill the patient. Prophylactic 
radical neck dissections are usually not indicated. 


External Postoperative Fecal Fistula . 
Tuomas C. Case 
The author states that postoperative fecal fistula can possibly be avoided if the operator 


bears in mind eleven significant points concerning this condition; all are thoroughly 
considered. 


Utilization of Child Psychiatry on a Children’s Surgical Service 
ABRAHAM D. FINEMAN 


The author discusses the psychiatric management of the child undergoing surgery, with 
reference to preparation for hospitalization, personal relationship to surgeon, and man- 
agement during postoperative and convalescent periods. Particular emphasis is placed 
on the communication of realistic information to the child and his parents, and the 


necessity for close teamwork between the surgeon and the psychiatrist in the attainment 
of this goal. 


Comminuted Fractures of the Lower End of the Radius 
O. C. Hupson anp T. J. Rusnack 


Twenty-five comminuted fractures of the distal end of the radius which were treated by 
primary resection of the distal ulna and closed reduction of the radius are evaluated. 


Extended Relief of Tic Douloureaux by Physical Therapeutic Measures 
Harvey E. Bittie, Jr. 


Cranial neuralgias, which include tic douloureaux, are a frequent residual from injuries 
to the neck followed by connective tissue contracture. The neural pathways and mecha- 
nism of occurrence of cephalic neuralgias are discussed. Clinical diagnostic points in 
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PRESENT TREND ALSO FAVORS HIGHER DOSAGES 
THAN PREVIOUSLY EMPLOYED 


There are widely divergent views on the 
management of cryptorchidism. However, 
many practitioners néw believe that an early 
descent of the testes is essential if sperma- 
togenesis is to be preserved. Furthermore, 
higher doses than formerly used are now 
recommended on the basis that these will 
produce a greater incidence of satisfactory 
responses.! In a recent issue of the Journal 
of the American Medical Association, an 
editorial suggested a therapeutic trial with 
chorionic gonadotropin when there is evi- 
dence of testicular hormone deficiency? 
such as obesity, signs of feminism or en- 
larged breasts. 


In the treatment of cryptorchidism, 
**A.P.L.” can be used... 


Diagnostically, because failure to respond 
to a full course of “A. P. L.” therapy may 
indicate an anatomic obstruction.! 


Definitively, because in both unilateral and 
bilateral cryptorchidism a significant per- 
centage of testes will descend following 
treatment with “A.P.L.” 


Preoperatively, because “A.P.L.” will usu- 
ally facilitate orchiopexy by lengthening the 
cords and enlarging the testes.> 


Postoperatively, because follow-up therapy 


with “A.P.L.” may prevent retraction of the 
testes. 


Brand of chorionic gonadotropin {human} 


virtually painless on injection 


practically free from local reactions 


Suggested Dosage Regimens [depending on age): 
{1} 4,000 I, U., three times weekly, for 
two to three weeks, or 
{2} 1,000 I. U., three times weekly, for six 
to eight weeks. 
Caution: Evidence of sexual precociousness is an indi- 
cation for the immediate withdrawal of treatment. 
After regression of undue development, reduced dosage 
regimen may be resumed. 


Availability: 


In Dry Form 

No. 972—Each package provides one “Secule"® con- 
taining 20,000 I. U. and 10 cc. vial of sterile diluent 
containing 0.5%. phenol. 

In Sterile Solution 

No. 999—1,000 L. U. per cc.—10 cc. vials 

No. 500—500 I. U. per cc.—10 cc. vials 

Bibliography: 1. Hand, J. R.: J. Urol. 75:973 (June) 1956. © 2. 


Editorial: J. A. M.A. 163: 650 (Feb. 23) 1957. © 3. Lapin, J. H., 
Klein, W., and Goldman, A. :J. Pediat. 22:175 (Feb.) 1943. 


Giyert AYERST LABORATORIES 


New York, N.Y. © Montreal, Canada 2 
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exacerbation of the cephalic neuralgias while testing during examination are summarized. 
Treatment is outlined, and the progress of the relief of symptoms during treatment is 


described. 


Use of Stainless Steel Ring Chain Net for Reinforcement in the Repair of Large and as 
Recurrent Hernias of the Anterior Abdominal Wall . . . . . . 


ALFRED HaAAs AND SAUL ALFRED RITTER Bee 
The stainless steel ring chain net (Goepel) is recommended to cover and reinforce defec- 


tive atrophic fascia in operations for large recurrent and long-standing hernias of the wig 
abdominal wall. Five illustrative cases are presented. 


Fatal Bone Marrow Embolism Following Thoracotomy . . . .. . . . = 
J. H. Scumipt 


The author outlines a brief general consideration of bone marrow embolism, a rare pe 
malady, including prevention and therapy. An illustrative case is reported. ee: 


Papain-Chlorophyll-Urea Ointment in Surgery . 


Rosert I. Katz, Jack W. REESE AND JouHN J. BYRNE 


102 


Various ulcers and necrotic wounds were treated with a mixture of papain, chlorophyll 


and urea. This proved to be a valuable chemical débriding agent with few complications 
of a minor nature. 


The Control of Hemorrhage from the Liver. An Experimental Study . . . . 106 
J. HarRotp Conn anp James D. Harpy 


The authors offer a brief review of the problem of injury to the liver. Hemorrhage from ie 


the liver in dogs has been completely controlled with the actual cautery. Bile leakage P. ap 
or peritonitis has not occurred in their series. 


SURGICAL REVIEWS ee 


Locating and Removing Foreign Bodies. . . . . . . «108 
JoHN J. MoorHEAD 


Foreign body surgery in war or peace is a subsurface quest often requiring unusual dex- ‘ or 
terity. Accurate localization just prior to operation is advisable because of shifting possi- 
bilities. A sterilizable precision electromagnetic instrument, the Locator, is recommended 
as a safe visual and auditory guide; it is easily operated at the surface or within the 


wound by special probes. ake 
S. L. Haas 
A series of experimental methods is presented in which an endeavor was made to acceler- 


ate the normal growth of bone. Although none of the methods was successful, it is hoped 
that they will serve as a guide to some efficient way of enhancing length growth. 
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THE ORIGINAL MEPROBAMATE 


DISCOVERED & INTRODUCED BY 


WALLace LABORATORIES 


NEW BRUNSWICK, NEW JERSEY 


effective 
for 
anxvety, 
tension 
and 
imsomnia 


= reduces preoperative fear 


= helps ensure natural sleep 
without morning hang-over 


= no significant lowering 
of blood pressure 
= no respiratory depression 


= well tolerated, 
relatively nontoxic 


REFERENCES: 

1. Rushia, E. L.: Preliminary 
report on the use of meprobamate 
for pre-anesthetic sedation. 
J.M.A. Georgia 46:93, 

March 1957. 

2. Lamphier, T. A.: The role of 
meprobamate in postoperative 
surgical care. Ann. New York 
Acad. Sc. 67 :810, May 9, 1957. 
3. Kern, E. C.: Preoperative 
sedation with meprobamate 
(Miltown) in surgery of eye, ear, 
nose and throat. Eye, Ear, 

Nose & Throat Month. 36: 408, 
July 1957. 
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CASE REPORTS 


Fractures of the Neck of the Femur in Children . . . . . 
Dimitrios G. PAPADIMITRIOU 


Three cases of transcervical fracture, result of severe trauma (rare), are reported. One 
child was treated by means of a Whitman spica; the other two children were treated with 
closed reduction and nailing (Smith-Petersen), with satisfactory results. 


Solitary Cyst of the Kidney Associated with Renal Carcinoma . . . . . . 138 
JouN I. WALLER AND A. 


A case of solitary cyst of the kidney associated with a malignant tumor is reported. 


Pilonidal Disease of the Abdominal Wall . . . .. . . . #142 
Donatp E. JANELLI 


The reported sites of extrasacrococcygeal areas of pilonidal disease are presented, with 
a report of a case of pilonidal sinus in the left posterolateral abdominal wall. 


Sigmoidoscopic Diagnosis of Regional Enteritis. . . . . . . . . . . 144 
Jack D. SELZER AND RosBert T. McCarty 


Two cases of regional enteritis are presented, each with almost identical rectosigmoidal 


lesions. In addition to the history, however, the diagnosis was made by sigmoidoscopy, 
which is unusual. 


Postpancreatic Pseudocyst in Adolescence. Internal Drainage Utilizing Roux Prin- 


SAMUEL SHORE 


A brief review of the pathophysiology of pseudocysts of the pancreas is presented. A 
case of pseudocyst of the pancreas occurring in a thirteen year old white boy without a 
history of abdominal trauma is reported. An exploratory laparotomy with a Roux-en-Y 
cystojejunostomy was performed. A follow-up examination one year later revealed a well 
and asymptomatic young man. 


Splenectomy for the Treatment of Sickle Cell Anemia. Case Report and Collective 


Rosert C. Lam 


A case of splenectomy for the treatment of sickle cell anemia is reported and the litera- 
ture reviewed. Hypersplenism is considered a valid indication for splenectomy for the 
treatment of sickle cell anemia, but the results are not uniform. 
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THE AMERICAN 1080-E 
ELEC DRAUWLIC’ 
SURGICAL OPERATING TABLE 


UNDERWRITERS’ LABORATORIES 
APPROVED FOR CLASS 1, 
GROUP C AREAS 


Conversion Unit... 

While primarily developed as an alternate 
base for the standard 1080 Table, the 
ElecDraulic unit is readily adaptable to all 
other Amsco Major Surgical Tables. 
Conversion of existing equipment, (1080, 
1070 or 1060), is simple and fully 
practical . . . to provide height adjustment 
from 27 to 45 inches and the convenience 
of sensitive, accurate power elevations. 


The Amsco 1080-E ElecDraulic Base adds the ease and 
convenience of a power lift to all other time-tested 
features of the standard 1080 Operating Table. 

By eliminating the only act ever requiring more than 
minimum physical effort, the ElecDraulic Base adds the 
ultimate in Head End Control. At the touch of a pedal, 
the dependable, explosion-proof, electrical system powers 
a smooth hydraulic lift through its full 27 to 45 inch 
height range. The anesthetist need never stand or change 
position to raise even the heaviest patient. Thus during 
cystoscopy, for example, successive height changes during 


— the progress of surgery are wholly practical. 
(The 1080 Table with conventional hydraulic 
base is still supplied as standard.) Write for complete information— Bulletin TC-295. 


Offices in 14 Principal Cities 


STERILIZER 


Erie 6* Pennsylvania 
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Heterotopic Bone Formation Associated with Hernia Following Gastrectomy 
G. O. McGinnis AnD Leavitt 
An unusual case of heterotopic bone formation associated with a hernia thirteen months 
following gastrectomy is presented. 

Jejunogastrostomy for Feeding 
STANLEY S. FIEBER 
The author presents a case of non-resectable carcinoma of the esophagus in which a 


jejunogastrostomy for feeding was employed efficaciously. This procedure is suggested 
when a-permanent gastric fistula is indicated. 


Pseudocyst of the Pancreas 
Davip KapLan 
Various methods of treatment of pseudocyst of the pancreas are discussed. A case is pre- 
sented of acute pancreatitis followed with pseudocyst formation satisfactorily treated 
by Roux-en-Y cystojejunostomy. 

Congenital Portacaval Anastomosis with Cirrhosis of the Liver 
Norman W. THIESSEN AND RoBert W. Kapp 


A case of an unusual congenital portacaval anastomosis is reported. Portal cirrhosis 
developed and the patient died of hemorrhage from esophageal varices. 
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for a clearer field 
during surgery 


A COMPLETE SYSTEMIC HEMOSTAT 


Adrestat complements surgical skill with 
effective hemostasis. It promotes retraction 
of severed capillary ends and reduces capil- 
lary bleeding and oozing; prevents or cor- 
rects abnormal capillary permeability and 


AVAILABLE IN THREE DOSAGE FORMS: 


fragility; prevents delayed clotting time and 
bleeding due to hypoprothrombinemia. Yet 
Adrestat has no effect on the normal con- 
stituents and process of blood clotting. 


ADRESTAT Capsules and Lozenges for pre- and post-operative use, each containing: 


Adrenochrome Semicarbazone, 2.5 mg. (present as Carbazochrome Salicylate*, 65.0 mg.); Sodium 
Menadio! Diphosphate (Vitamin K Analogue), 5.0 mg.; Hesperidin, Purified, 50.0 mg.; Ascorbic 


Acid, 100.0 mg. 


Capsules in bottles of 30; Lozenges in boxes of 20 


ADRESTAT (F) i-cc ampuls for use during surgery, each containing Adrenochrome 
Semicarbazone (present as Carbazochrome Salicylate*, 130.0 mg.) 


Boxes of five 1-cc ampuls 


*Pat. Nos. 2,581,850; 2,506,294 
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Electron SteriliZed 


..-With added safety sealed in 


a Absolute sterility—a prime concern of all members of 
e the Surgical Team—is unfailingly achieved by bombard- 
i \ ment of ETHICON surgical gut in its final sealed con- 
This symbol is the trademark of tainer by highly accelerated electrons. The electron 
Ethicon, Inc. for electron beam , “ 
sterilization. It identifies ETHICON beam “dose” is 40% greater than required to destroy 
electron sterilized surgical gut 
and is your guarantee of maximum the most resistant spore-forming organisms, yet has 
strength, pliability and sterility. 
Copyright Ethicon, Inc. 1957 negligible effect on non-living collagen sutures. 


ETHICON 
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CALORIE SOLET 


“Square Meals 
in 


: 


Round Botties”’ 


Intravenous administration of Amigen 800 minimizes or 
prevents protein depletion when patients are unable to 
eat. The average daily dose of three liters will supply as 
much as... 


2400 Calories 

112.5 grams of Protein 

all essential electrolytes 

without excess fluid 

Amigen 800 produces nutritional improvement so that 
oral feeding often can be resumed and normalized sooner. 


That’s why so many physicians feel they give ‘square 
meals” when they call for Amigen 800. 

For additional information about Amigen 800 

write to Parenteral Products Division, 

Mead Johnson, Evansville 21, Indiana. 


MEAD JOHNSON 


SYMBOL OF SERVICE IN MEDICINE 
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FURADANTIN® INTRAVENOUS SOLUTION 


BRAND OF NITROFURANTOIN 


often rapidly effective: 


in systemic infections such as septicemia (bacteremia), peri- 
tonitis, and other bacterial infections as of postoperative 
wounds and abscesses, when the organism is susceptible to 
FURADANTIN ; in severe genitourinary tract infections when 
the patient is unable to take FURADANTIN by mouth. 


FURADANTIN I.V. has proven dramatically effective—often 
lifesaving—even in infections which failed to respond to 
other antibacterials. It has been administered to adults and 
children alike without serious toxic effects. 


FURADANTIN I.V. solution is dissolved aseptically in a sterile 
diluent at room temperature, just prior to use by intravenous 
drip only. Full dosage instructions and discussion of indi- 


_ cations and side effects are enclosed in each package. 


FURADANTIN I.V. is now available to all hospital pharmacies. 


NITROFURANS—a new class of antimicrobials— 
neither antibiotics nor sulfonamides 


EATON LABORATORIES, NORWICH, NEW YORK 
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within minutes... 
” starts cleaning a wound. 


of tissue debris 


abscesses 
wounds 
carbuncles 
furuncles 
decubitus ulcers 
gangrene 
osteomyelitis 
sinuses 
fistulas 
ulcerations 
diabetic ulcers 
second and third 
degree burns 
infected compound 
fractures 
necrotic lesions due 
to peripheral 
vascular disease 
amputation stumps 


\ Tryptar is safe; it digests necrotic tissue 
| and will not harm living tissue. 

Tryptar may be applied topically in 
_“? powder form. Solutions of Tryptar may 
y be used as wet dressings or infiltrated be- 


neath thick eschars. Tryptar may be used 
as an aerosol for inhalation therapy. 

Tryptar is stable after preparation for at 
least 72 hours if refrigerated. It is stable 
indefinitely in dry form. 


CONTRAINDICATION: Severe hepatic insufficiency. Not 
for intravenous use. 


SUPPLIED: in 3 convenient strengths: 50,000, 
125,000 and 250,000 Armour 
units of purified crystalline tryp- 
sin. 


IAN THE ARMOUR LABORATORIES 
A DIVISION OF ARMOUR AND COMPANY - KANKAKEE, ILLINOIS 
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- “,..an improvement 
and an ultimate replacement po 
for the older tetracycline Ag 
2 
hydrochloride” 
THE ORIGINAL TETRACYCLINE PHOSPHATE COMPLEX 

e Significant tetracycline serum levels for 24 hours | 
on a single intramuscular dose” 

e Faster, higher, more prolonged tetracycline serum levels for 
earlier and more certain control of infection” 
e A single, pure antibiotic ‘ 2 

(not a mixture) 


e Equally effective orally, b.i.d. or q.i.d.””” 


e A convenient dosage form for 
every member of the family 


“J 

+ 

rr 
} 


Mcg./per ml. 


Absorption studies show: 


After oral administration— 


A composite of three separate absorp- 
tion studies: serum levels “substantially 
higher”? or “markedly higher’? than 
with tetracycline HCl, and absorption 


SINGLE 250-MG. CAPSULE 


Tetrex 


Tetracycline HCl 


t 


Faster, higher, more prolonged tetracycline serum levels 


TWO 250-MG. CAPSULES 


2.0 


Mcg./per ml. 


Hours 1 2 


“about twice as efficient.”’5 


i 


Tetrex 


Tetracycline HCl 


Hours 


2 3 12 


Average serum levels aftér adminis- 
tration of a single 500-mg. dose: “ap- 
proximately twice as great” as those 
of a group receiving an equivalent 


dose of tetracycline HCI."! 


After intramuscular administration— 


7 


Median tetracycline serum 
levels following intramuscu- 
lar injection of TETREX in 
newborn infants.© Dose: 25 
mg./Kg. “Therapeutic” lev- 
els for at least 24 hours. 


5 


Meg. 


IN NEWBORN INFANTS 


IN YOUNG CHILDREN 

Median tetracycline serum 
levels following intramuscu- 
lar injection of TETREX in 
young children.® Dose: 15 to 
25 mg./Kg. ‘Surprisingly 
high” levels at 3 and 24 hours. 


Mcg./per mi. 


poe 1 3 24 : 48 
IN GERIATRIC PATIENTS 
Average serum levels follow- 
ing intramuscular injection of 
a single 250-mg. dose in geri- 
atric patients.? “Adequate” 
amounts of tetracycline ac- 
tivity present after 24 hours. 


~ 
11. 


dosage form for every 
member of the family 


complex—each capsule 


and an ultimate replacement tetracycline HCI. activity 


for the older tetracycline Pediatric Capoules 


hydrochloride” ’ complex—each capsule 

TETREX 


Intramuscular ‘250’ 
with Xylocaine* 


Tetracycline phosphate 
complex—each vial equiv- 
alent to 250 mg. tetracy- 


cline HCI activity. 
TETREX 
Intramuscular ‘100’ 


Tetracycline phosphate 
complex—each vial equiv- 


alent to 100 mg. tetracy- 
*® of Astra Pharm. Prod. Inc. 
TETREX Syrup 
THE ORIGINAL TETRACYCLINE PHOSPHATE COMPLEX Tetracycline (phesphete er 
buffered) Syrup — each ee 
5-cc. tsp. equivalent to ios 
125 mg. tetracycline HCl 
Clinically proven—It has been determined that “blood activity. 
concentrations correlate well with clinical response.”* In TETREX 
clinical studies, the assurance that TETREX “would be more Pediatric Drops 
effective [than tetracycline HCl] in treating infections due Hearsay —— 
to susceptible organisms” !! has been fully confirmed. cc. equivalent to 100 mg. 
Typically, when TETREX was administered to 686 patients TETREX-APC with 
in two studies, “all patients infected with tetracycline- BRISTAMIN® Capsules sr Nog RD 
sensitive organisms responded satisfactorily to therapy.” Tetracycline phosphate 
complex — each capsule 
equivalent to 125 mg. tet- 
A “remarkably low incidence of side reactions”! has been racycline HCI activity, plus | ey 
3 phenyltoloxamine and 
reported. In four studies involving 480 patients, for in- APC. iin ee ee 
stance, side effects were so negligible as to require with- eS RS. reas 


Available for your 
prescription at all 
leading pharmacies 


drawal of therapy in only 2 cases.!*7"910 


BRISTOL LABORATORIES INC., SYRACUSE, NEW YORK 


eferences: 


Cronk, G. A., and Naumann, D. E.: Ant. Med. & Clin. Ther. 4:166, 
57. 2. Cronk, G. A., Naumann, D. E., and Casson, K.: Fifth Annual 
ymposium on Antibiotics, Washington, D.C., Oct. 2-4, 1957. 3. Dube, 
. H.: Ibid. 4. Flippin, H. F., and Eisenberg, G. M.: Antimicrobial Ther- 
xy in Medical Practice, Davis, Philadelphia, 1955, p. 55. 5. Kaplan, 
|. A., Dickison, H. L., Hubel, K. A., and Buckwalter, F. H.: Ant. Med. 
Clin. Ther. 4:99, 1957. 6. Portney, B., Draper, T., and Wehrle, P. F.: 
ifth Annual Symposium on Antibiotics, Washington, D.C., Oct. 2-4, 1957. 
Prigot, A., Shidlovsky, B. A., and Felix, A. J.: Ant. Med. & Clin. Ther. 
487, 1957. 8. Pulaski, E. J., and Isokane, R. K.: Ant. Med. & Clin. Ther. 
408, 1957. 9. Putnam, L. E.: Ant. Med. & Clin. Ther. 4:470, 1957. 
). Rein, C. R., and Fleischmajer, R.: Ant. Med. & Clin. Ther. 4:422, 1957. 
|. Shidlovsky, B. A., Prigot, A., Maynard, A. de L., Felix, A. J., and 
jelt-Harvey, I.: Fifth Annual Symposium on Antibiotics, Washington, 
.C., Oct. 2-4, 1957. 12. Trafton, H. M., and Lind, H. E.: Ibid. 13. Welch, 
., Lewis, C. N., Staffa, A. W., and Wright, W. W.: Ant. Med. & Clin. 
her. 4:215, 1957. 
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B-P 
HALIMIDE* 


the CONCENTRATE with the 
TWOFOLD ACTION 


For Instrument Disinfection 


BACTERICIDAL 
—when diluted with water 
(except the iubercle bacillus) 


TUBERCULOCIDAL also— 
when diluted with alcohol 


* Trademark of Bard-Parker Co., Inc. 


- PLUS—these other 
important advantages ... 


NON-CORROSIVE 
—No anti-rust tablets to add. 


STABLE 
—Need not be changed frequently. 


ECONOMICAL 


—1 oz. makes 1 gal. of solution. 


Bard-Parker HALIMIDE is the re- 

sult of years of research to develop 

a concentrate combining maximum 
bactericidal potency and trouble-free 

performance. IT’S ECONOMICAL 

... any way you look at it! 


LIST PRICE 
4 oz. bottle......... $2.50 
Please ask your dealer 
for quantity discounts. 


B-P INSTRUMENT 
CONTAINER No. 300 
Of stainless steel and 
PYREX glass with 
airtight cover. Ideal 
for use with B-P 
HALIMIDE, 


PARKER, WHITE & HEYL, INC. 
Danbury, Connecticut 


HALIMIDE and your INSTRUMENTS 
. . . THEY COMPLIMENT EACH OTHER 


Precision 
IS IN THE BALANCE 


..-the Sharpness...the Strength 


To meet the surgeon’s need for PRECISION- 
dependability, every Crescent Blade is 
e precision-made for fine balance 
e precision-honed for extreme sharpness 
 precision-tested for strength and rigidity 
¢ precision-protected by the new moisture- 

proof, all-climate, aluminum-foil wrapping 
Use of a new Swedish steel of high carbon 
content and unusually fine grain assures 
precision-performance in every “Master 
Blade” for the Master Hand. 

Samples on Request 


CRESCENT SURGICAL SALES CO., INC. 
48-41 Van Dam, Leng Island City 1 


Crescent 


SURGICAL BLADES AND HANDLES 
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THE CREST 
OF LEADERSHIP 


Menicat journats are the first working tool of 
the researcher and trail-blazer in effecting néw 
technics and therapy. The accomplishments of 
the earlier workers are perpetuated in the 
printed records of the past. and present and 
serve as a basis for future developments. 


YORKE PUBLICATIONS by its planned seminars and 
symposia enrich the knowledge and enlarge the 
field of effectiveness of the American physician 
in guarding the health of our country’s popula- 
tion. Exhaustive studies on vital and pertinent 
subjects are prepared by eminent leaders and 
are recorded as soon as possible in the pages of 
the respective YORKE JOURNALS. 


Recognizing the prestige and loyal readership 
_enjoyed by the Yorke PuBLicaTions, leaders in 
the pharmaceutical industry use these journals 
for carrying their advertising messages to the 
moulders of opinion and action. 


~YORKE PUBLISHING CO. 
NEW YORK, N.Y. 


THE AMERICAN JOURNAL OF SURGERY 
THE AMERICAN JOURNAL OF MEDICINE 
THE AMERICAN JOURNAL OF CLINICAL NUTRITION 
THE AMERICAN JOURNAL OF CARDIOLOGY 
MODERN DRUGS 
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one dressing for bothr= 
enzymatic 


wand healing action 


ex ointment. 


PanaFiL Ointment combines two essential functions for the local treatment of 
chronic ulcers, infected wounds and other resistant skin lesions. Gentle debride- 
ment with the proteolytic enzyme, papain, is complemented by the wound- 
healing action of chlorophyll derivatives. The greater safety of PANAFIL permits 
continuous dressings, which maintain a clean wound base until healing is 
complete.!3 The need for specific anti-infective medication is eliminated in 
most cases.‘ 


PanaFIL Ointment contains papain powder 10%, urea U.S.P 10%, and water-soluble 
chlorophyll derivatives N.N.R. 0.5% in a hydrophilic ointment base. 


HEALING OF SEVERE CARBUNCLE WITH PANAFIL 


Severe carbuncle on back of neck of 79-year-old man. 
Left: Before incision and start of therapy. 2 
Right: Lesion almost healed after two weeks of therapy with Panarit. Complete healing ye 
one week later. ee 


PHOTOGRAPHS COURTESY OF W. C. BECK, JR., AND A. MARKERT, V. A. HOSPITAL, FT. HOWARD, MD. 


References: (1) Miller, E. W.: New York J. Med. 56:1446, 1956. (2) Garnes, A. L., and Barnard, R. D.: Angiology 
8:13, 1957. (3) Morrison, J. E., and Casali, J. L.: Am. J. Surg. 93:446, 1957. (4) Wood, O. H.: Maryland M. J., 
in press. 


‘ystan) company Mount Vernon, New York 


28087 
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The only 
non-adhering dressing 


that is 
effective on 
any type of 
surgical 
lesion 


ADAPTIC Non-Adhering Dressing 
is a specially woven viscose fabric 
impregnated with a non-occlusive, 
non-irritating oil-in-water emulsion 
in such a way that the pores remain 
100% open. This obtains maximal 
drainage while avoiding wound 
adherence. 


ADAPTIC Non-Adhering Dressing 
is excellent for all types of wounds 
such as burns, skin grafts, plastic 
surgery, colostomies, ileostomies, 
open ulcers, and cases where pack- 
ing is needed. 
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-non-adhering, porous, 
prevents maceration 


This dramatic unretouched photograph shows John- 
son & Johnson’s new ADAPTIC Non-Adhering Dressing 
being removed from an infected burn wound which is 
‘partially grafted. Notice that there has been no adher- 
ence — the new tissue is healthy and undamaged. 


Sizes available 3” x 3”, 3” x 8”, 3” x 16” 


now available in sterile non- 
adhering packing strips 


The most effective packing strip ever developed! 
Whether used for simple nose bleed or surgery, the 
drainage flows through the mesh construction of non- 
absorbent fibers and does not coagulate. Available in 
WY”, widths. 


Non 
‘striP 


x @ yards 


ANOTHER QUALITY PRODUCT FROM THE RESEARCH LABORATORIES OF 


© J&J 1958 
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CONTAINS 

Cod 
Bee Oxide 


This confirms previous findings regarding the 
efficacy of soothing, protective, non-irritant Desitin 
Ointment—trich in cod liver oil—to accelerate healing 
in many other skin conditions... diaper rash, 

ulcers (decubitus, varicose, diabetic), etc. 


samples and new reprint on request. 


DESITIN CHEMICAL COMPANY 
812 Branch Ave., Providence 4, R. I. 


1. Grayzel, H. G., and Schapiro, S.: Western J. Surgery, Obstet. & Gyn., Oct. 1956. 
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Each Capsule Contains: 


Thiamine 
Metabolic demands increase when the Riboflavin (Bz) 10 mg. eae ie 
| body is subjected to surgical procedures, Ascorbic Acid (C) 300 me. aa 
Pyridoxine HCI (Bg) 2 mg. 
burns, fractures and illness. Under such Vitamin Bis + mcg. 
circumstances, restitution of depleted vita- Folic Acid 1.5 mg. cake nate 
min reserves will accelerate body repair. Vitamin K (Menadione) 2 mg. me 
STRESSCAPS provide essential water- Average Dose: 1-2 capsules daily. x 
soluble vitamins in a professionally ac- 
cepted formulation. ¢ Physiologic Trauma 


¢ Endocrine Dysfunction 
¢ Emotional Stress 
¢ Pre- and Postoperatively 


filled sealed capsules 


Stress Formula Vitamins Lederle 


Liderie) LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
*Reg. U.S. Pat. Off. x 
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Vitallium hip. prostheses of the Moore, F. R. Thompson, 


head diameter sizes. 


By Austenal, ince 


TESTED 


CLINICALLY- PROVEN 


IN WIDELY ACCEPTED DESIGNS 


and Eicher types have been implanted in thousands MOORE TYPE 
of successful cases. Intramedullary-stem designs, they : 
closely approximate the anatomical outline and 
contours of the upper portion of the femur. Heads 
are light, hollow, strong and highly polished for 
smooth articulation. 

All three types are available in five different 


F. R. THOMPSON 
@ The Moore type is designed with fenes- 
trations for added support. 


@ The F. R. Thompson type is available in 
three variations—straight, right and left. 


© The Eicher type is characterized by teeth 
on the underside of the collar to 


EICHER TYPE | 
inhibit rotation. 


Austenal® instruments are available for all 
three to aid operative procedure. 


AVAILABLE ONLY THROUGH AUTHORIZED SURGIOMAEE 
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SALICYLATE 


(Brand of carbazochrome salicylate) 


As one clinician states: “Blood loss 
may be hidden temporarily after closure 
of the thoracic or abdominal cavities, 
even though drains are in place. Ob- 
struction to outflow through these drains 
can occur, and bleeding is not apparent. 

“There are certain clinical situations 
in which prolonged and profound 0oz- 
ing of blood may occur.” 

Published reports? over the last five 


years emphasize the value of Adrenosem 
preoperatively—to control oozing and 
bleeding and provide a clearer opera- 
tive field. 

Adrenosem does not affect blood pres- 
sure, cardiac rate or output, blood clot- 
ting mechanism, massive hemorrhage, 
or arterial bleeding.’ 


Supplied in ampuls, 
tablets and as a syrup. 


“U.S. Pat. 2581850, 250629 


THE S. E. MASSENGILL COMPANY 


BRISTOL, TENNESSEE * NEW YORK 


* KANSAS CITY * SAN FRANCISCO 


vag 
‘al 
3 
4 
= 
: 
: 
4 


SALICYLATE 


has been especially effective when used preoperatively 


The photographs below are of two typical cases in 200 dermabrasion 


procedures‘ over a period of two years. 


Case #1 Right cheek, after treatment with 


Adrenosem 


Case #2 Right cheek, after treatment with 


Adrenosem 


Write for literature describing the action ana uses of Adrenosem Salicylate 


THE S. E. MASSENGILL COMPANY 


BRISTOL, TENNESSEE © NEW YORK 


1. Dripps, R.D.: Hazards of the Immediate Post- 


operative Period, J.A.M.A. 7:795 (Oct. 19, 1957) 
[This reference reviews postoperative hazards, 
and does not refer to Adrenosem Salicylate] 


2. Ersner, M.S., and Lerner, S.S.: M. Clin. North 


America 40:1749 (Nov., 1956) 


8. Peele, J.C.: Further Observations on the Use of 


Adrenosem Salicylate in the Control of Hemorrhage 
from the Nose and Throat, N. Carolina M.J. 17:98 
(March, 1956) 


KANSAS CITY 


SAN FRANCISCO 


4. Brown, W.S.: The Use of Adrenosem Salicylate to 


Control Postoperative Bleeding in Plastic Surgery: 
Dermabrasion, Northwest Medicine. In Press. 


5. Wilkins, B.D.: Gastrointestinal Bleeding as Seen by 


the Proctologist, J.A.M.A. 163:1214 (April 6, 1957) 


6. Orzac, E.: Medical Care of the Child Patient Before 


and After Adenoidectomy and Tonsillectomy, N.Y. 
State J. Med. 55:886 (Mar., 1956) 


7. N.N.R., 1957, p. 265 
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where 
Case #1 Left cheek untreated 
Case #2 Left cheek untreated 


‘SOAP-SENSITI 


INCORPORATED 
IW EXCLUSIVE 


It restores the normal acidity of the skin*. It le 

and smoother due to the NEW COLLOIDAL § 
TION (pat. pend‘g) which has been es 
exclusive ACID MANTUS base. 


109 WEST 64th ST., NEW YORK 23, 


Canada: 2765 Bates Rd., 


COOK COUNTY 
GRADUATE SCHOOL MEDICINE 
INTENSIVE POSTGRADUATE COURSES 


STARTING DATES—SPRING, 1958 


SURGERY—Surgical Technic, Two Weeks, February MEDICINE—General Review Course, Two Weeks. 
24, March 10, March 24 May 12 


Surgery of Colon and Rectum, One Week, March 3 Electrocardiography & Heart Disease, Two Weeks, 

Basic in General Surgery, Two Weeks, March 17 
April 7 Gastroscopy & Gastroenterology, Two Weeks, _<. 
Time of Varicose Veins, March 3, April 7 March 3 - 


Gallbladder Surgery, Three Days, March 31 
Surgery of Hernia, Three Days, April 3 

General Surgery, Two Weeks, May 5; One Week, 
February 10 

Fractures & Traumatic Surgery, Two Weeks, 
March 17 


February 24 


Hematology, One Week, June 2 
Gastroenterology, Two Weeks, April 14 


PEDIATRICS—Two-Week Intensive Course, April 21 
DERMATOLOGY—Clinical & Didactic Course, 


Two Weeks, May 5 


appointment 


TEACHING FACULTY—ATTENDING STAFF 
of Cook County Hospital 
Address Registrar, 707 South Wood Street, Chicago 12, Illinois 


Breast & Thyroid Surgery, One Week, May 5 RADIOLOGY—Diagnostic X-Ray, Two Weeks. x gh 
GYNECOLOGY & OBSTETRICS—Office & Opera- March 3 on Ne: 
tive Gynecology, Two Weeks, March 17 oo Uses of Radioisotopes, Two Weeks, ase 
Vaginal Approach to Pelvic Surgery, One Week, wed at 
March 10 UROLOGY—Two-Week Intensive Course, April 14 et 
General €& Surgical Obstetrics, Two Weeks, Cystoscopy, Ten-Day Practical Course, by Ei & 


= 
= Pe pH 5.O 
Sieh BECAUSE it cleanses the skin cleaner with ffective SUDSING ACTION. 
HzO | ves the skin softer 
*Dermatitis of Housewives as Variant of -zema, Pau lade, 
Benj. J. Chester iltog Sloane, A.M.A. Arch. of D .p 
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tinted 


Plastic Protective Surgical Dressing 


The new yellow tinted Aeroplast dressing is the result of 
wishful thinking by many surgeons. Even after dressing 
operation after operation successfully with the original 
colorless, clear Aeroplast, numerous surgeons “wished” 
that they had a better visual indication of how much to 
apply and, also, a better definition of the area dressed. 


Yellow tinted Aeroplast fulfills these wishes. It is clearly visible during and 
after application yet is still transparent. 

When tinted Aeroplast is sprayed onto the wound area, from the recommended 
ten or twelve inches distance, the immediate appearance of a faint yellow film 
deters the tendency to overspray and to undesired flooding. In effect, it helps 
control the aerosol application so that the resulting, thinly applied film dries 
faster between coats to build an efficient dressing gradually but quickly. 


BENEFITS IN PATIENT CARE Clinical advantages remain unchanged: con- 
formity to any body contour with no bulkiness; dependable sterility of dressings 
which form an impermeable bacterial barrier to outside contamination; anti- 
bacterial; simplified postoperative care requiring fewer redressings; transpar- 
ency permitting visual inspection of healing progress without disturbing or 
removing dressings; toughness and flexibility allowing easy palpation and oscul- 
tation; no undesired restriction of respiration or circulation; avoidance of 
maceration as skin can “breathe”; non-toxic, non-sensitizing, non-allergenic; 
washable, not dissolved by any body exudates. 

Rx NO LONGER NEEDED Both tinted and clear Aeroplast are now available 
without prescription, simplifying distribution to all dressing areas. 


Choice of sizes 


NEW 12 oz. | special hospital size, convenient and 
tinted | economical for regular operating room use. 


12 oz. 3 oz. 


NEW 3 oz. | handy size for dressing carts, surgeon’s 
tinted | office, and to specify for patient use. 


6 oz. | the original Aeroplast plastic 
clear | spray-on surgical dressing. 


Successful use of Aeroplast dressings is well-documented. 


Reprints and literature are available on request to: 
AEROPLAST CORPORATION ; 
420 Dellrose Avenue, Dayton 3, Ohio In Canada—Fisher & Burpe, Lid. 


® Brand of Vibesate 
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Most physicians keep The American Journal of Medicine on file. For 
years the “Green Journal” has been a leader in the field of internal 
medicine. It is kept for its original papers by distinguished physicians, 
special seminar and symposium issues, and for its Hospital Conference 
and Clinical Research Society reports. Here is the authoritative journal 
you need for regular use and ready reference. Subscribe now. 


12 months, U.S. A. $12, Canada $13, Foreign $15, 
The American Journal of Medicine 
of THE YORKE GROUP 


Publishers of Tre American Journal of Surgery, The American Journal of Clinical 
Nutrition, The American Journal of Cardiology, Modern Drugs 


11 East 36th Street, New York 16, N. Y. 
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Angiography 


Intravenous 
and 
retrograde 
urography 


Versatile radiological agents with 
an unexcelled degree of safety 


RENOGRAFIN 


Squibb Contrast Media 
e well tolerated systemically and locally 
e consistently good visualization 
@ convenient concentrations, in easily administered form 


RENOGRAFIN 76% RENOGRAFIN 60% RENOGRAFIN 30% 

for intravenous urography and for intravenous urography and for retrograde pyelography. 
angiography. Ampuls of 20 cc., angiography. Ampuls of 25 cc., Rubber-capped vials of 50 cc. 
with 1 cc. ampul for sensitivity with 1 cc. ampul for sensitivity Each cc. contains 299 mg. of 
testing. Each cc. contains 760 testing. Each cc. contains 600 sodium and methylglucamine 
mg. of sodium and methyilglu- mg. of sodium and methylglu- diatrizoate. 

camine diatrizoate. camine diatrizoate. 


*RENOGRAFIN'® 1S A SQUIBB TRADEMARK SQUIBB 
28 


Squibb Quality —the Priceless Ingredient 
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. . . because the Cerethermic finish 
provides superior handling qualities 
and smoothness, preserves suture 
strength after repeated sterilization. 


... because Color-Coding permits 

‘positive identification, instant selec- 
tion of the correct suture size, without 
error. 


.. because Gudebrod offers a com- 
plete line, pre-sterilized or ready for 
sterilizing, in the most modern, con- 
venient packaging. 


. because Gudebrod’s unique con- 
‘trol of every stage of ‘manufacture, 
plus 87 years’ experiénce in the suture 
field, is your assurance of unvarying 
high quality in non-absorbable sutures. 


Specify Gudebrod sutures for the 
“Champion” in every way. 


“sutures with 
tic © needle 


JJ BROS. SILK CO., IN 
cal Division: 225 West Executive Offices: 12 South: 
ath St, New York 1, N.Y. “12th St, Philadelphia 7. 


| 
ri-Pak © cut -Pak cut lengths in Dri-Pak Ligature Reels 
‘Tuk -Min-  Non-sterile on spools Dri-Pak in dry envelopes 
: 
29 


PETROLATUM 
GAUZE 


conforms fully to the official 
standards prescribed by the U.S.P. 


This prepacked, pretested material assures 
unquestionable sterility at time of use. 


Especially-designed equipment impregnates the 
gauze so lightly and uniformly that the danger 
of maceration is minimized. 


Most hospitals are neither staffed nor equipped to fol- 
low the U.S.P. XV specifications for the preparation and 
control testing of a dependably sterile petrolatum gauze. 
That is why ‘Vaseline’ Sterile Petrolatum Gauze U.S.P. 
is their choice of a nonadherent dressing. It has proved 
itself “best by test” in millions of cases in thousands of 
civilian as well as military hospitals throughout the 
United States. 


WHY USE SUBSTANDARD 
MATERIAL 


when this superior 
prepacked sterile product 
is available at a 
worthwhile saving? 


CHESEBROUGH-POND’S INC. 
Professional Products Division 
NEW YORK 17, N.Y. 


VASELINE is a registered trademark of Chesebrough-Pond’s Inc. 
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IN GASTROSCOPYY ... 


“The recovery period appeared to be shorter 
when the Surital Sodium was used....”* 


In gastroscopy, as well as in many other diagnostic and surgical procedures, SURITAL offers specific 
advantages both for the patient and for the operating team: 


+ rapid, smooth induction + evenly sustained surgical plane of anesthesia + prompt, pleasant recovery « relative 
freedom from laryngospasm, bronchospasm, or respiratory depression 


Detailed information an SURITAL sodium (thiamylal sodium, Parke-Davis) is available on request. 


Atwater, J. S.: Gastroenterology 32:905, 1957. 


PARKE.DAVIS & COMPANY 


Trae sores DETROIT 32. MICHIGAN 
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DARVON 


ouauity /ncseancn 


The non-narcotic analgesic with the potency of codeine 


DARVON (Dextro Propoxyphene DARVON COMPOUND (Dextro 
Hydrochloride, Lilly) is equally as Propoxyphene and Acetylsalicylic 
potent as codeine yet is much better Acid Compound, Lilly) combines the 


tolerated. Side-effects, such as nau- antipyretic and anti-inflammatory 
sea or constipation, are minimal. benefits of ‘A.S.A. Compound’* with 
You will find ‘Darvon’ helpful in the analgesic prororties of ‘Darvon.’ 
any condition associated with pain. Thus, it is useful in relieving pain as- 
The usual adult dose is 32 mg. sociated with recurrent or chronic dis- 
every four hours or 65 mg. every ease, such as neuralgia, neuritis, or 
six hours as needed. Available in arthritis, as well as acute pain of trau- 
32 and 65-mg. pulvules. matic origin. The usual adult dose is 
1 or 2 pulvules every six hours as 
needed. 


Each Pulvule ‘Darvon Compound’ provides: 


‘A.S.A.” (Acetylsalicylic Acid, Lilly). . . . . . 227mg. 


**A.S.A. Compound’ (Acetylsalicylic Acid and Acetophenetidin Compound, Lilly) 
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EDITORIAL 


ie human affairs, we are told, there comes a 
time when one reaches the end of the road. 
The upward climb is over. In industry one 
becomes Honorary Chairman of the Board, in 
medical schools an Emeritus, and in hospitals a 
Consultant. This age limit in most instances 
ranges between sixty-five and seventy years. 
This compulsory retirement policy has been 
widely criticized, for why should one “climb 
on the shelf”’ if he is in good health and mentally 
alert, no matter what his age? One may be ap- 
proaching a vegetable existence at fifty years of 
age, while many men or women do their best 
work after reaching the Biblical age of three 
score and ten. However, this does not apply to 
editors. Almost without exception there comes 
a day when they step aside. The act is volun- 
tary and the reasons may be many; we believe 
the time has come to step aside and let another 
carry on. 

With this issue of the Journal we will have 
served as Editor for thirty years. In 1928 we 
were young, healthy, tireless. A new publisher 
had taken over as the owner. At that time an 
issue contained not more, usually less, than 
100 text pages; the subscription price was small; 
many of the advertisements were of questiona- 
ble taste. That January, 1928, found us with 
just about enough manuscripts for the next 
issue. We were everything from rewrite man to 
reader of the galley proofs. Little did we dream 
then we would publish over 2,800 text pages 
some years, see to it that the advertisements 
were only of the highest quality concerning 
products of only the most reputable manufac- 


Robert M. Zollinger, M.D., Editor 


turers, and observe that the circulation had 
more than quadrupled, the Journal going to 
subscribers in every St'ate of the Union and in 
every civilized country on earth. It was our 
function to attend conventions and meetings, 
visit surgical centers and become acquainted 
with outstanding surgeons (Lahey, Crile, the 
Mayos, J. W. Williams, Young, Deaver, Cutler, 
Pool, Dandy, Matas). 

However, the years tumble by. Friends and 
acquaintances, those you call upon for advice 
and guidance, retire or pass away. Without 
sensing it we lose some of our zest, the faculty of 
creating new ideas or keeping up with, or a step 
ahead of, the ever changing trends. We get a bit 
forgetful and find we write notes and memos on 
slips of paper. (Let the other fellow travel to the 
meeting; we have the program.) New and 
younger men step into the important positions, 
and in our complacency we fail to meet and 
know them. We are satisfied with the status quo. 
Then one day we realize another man would do 
a better job. We decide we had better lighten 
the burden, step aside, and seek a younger and 
basically better equipped man to be the boss. 
Therefore, over a year ago we advised the pub- 
lishers it would be to their advantage to seek a 
new Editor. There was no rush. Many men of 
reputation were considered. We knew whom we 
sought—a man nationally known in his field, 
preferably the Director and Professor of Sur- 
gery in a medical college, a member of select 
scientific organizations, a busy person with a 
reputation for getting things done. And so we 
came to Robert M. Zollinger. In every way he 
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fitted the bill of particulars. After several con- 
ferences and much correspondence, to our great 
satisfaction and joy he accepted our offer. Be- 
ginning with this issue of The American Journal 
of Surgery he becomes the Editor. 

Briefly, Dr. Zollinger received his medical 
degree from the Ohio State University in 1927. 
Since that time he has been affiliated with the 
Lakeside Hospital, Cleveland, the Peter Bent 
Brigham Hospital, Boston, and the Harvard 
Medical School, Boston; he served in the 
Medical Corps of the U. S. Army during World 
War 11 and received the Legion of Merit, was 
Senior Consultant in Surgery, E. T. O., and 
Commanding Officer of the Fifth General Hos- 
pital; he has been Professor and Chairman of 
the Department of Surgery of the Ohio State 
University ,and Chief of the Surgical Service, 
teaching hospitals since 1946. 

He is a member of the American Medical 
Association, the American College of Surgeons, 
a Diplomate of the American Board of Surgery, 
a member of the American Surgical Association, 
the Society of University Surgeons, the Central 
Surgical Association, the Western Surgical As- 
sociation, the Eastern Surgical Association, 
the American Association for the Surgery of 
Trauma, the American Gastroenterological 
Association, the International Society of Sur- 
geons, the Conjoint Conference Committee on 
Graduate Training in Surgery and the Ameri- 
can Board of Surgery. His field of interest is 
largely gastroimtestinal surgery. 

Dr. Zollinger’s published works include an 
“‘Atlas of Surgical Operations” and a mono- 


graph on “Surgery of the Gallbladder and 
Extra-hepatic Ducts” (both with Dr. Elliott C. 
Cutler). He has also written chapters for text- 
books on surgery as well as articles which have 
appeared in medical journals. 

Dr. Zollinger’s efforts will not be in evidence 
until late Spring, when accepted manuscripts 
now in our files will have been published. Dur- 
ing our editorship the publishers gave us a free 
hand; decisions made were our decisions. The 
publishers will continue this policy with Dr. 
Zollinger. In every sense of the word he will be 
the Editor. The Journal is his to change, 
reshape and direct as he wishes. 


To our acquaintances and friends, the hun- 
dreds with whom we have corresponded and 
those we have visited and played host to while 
they were in New York, we want to say that 
the satisfaction and pleasure have been ours. 
*“What has been has been, and we have had 
our hour.” We leave this post but will not sever 
the bonds. 

Thirty years, the most exciting and wonder- 
ful years in the history of medicine, have 
slipped by only too quickly. We wish to express 
our deep appreciation to the publishers. Their 
kindness and consideration have been limitless, 
their friendship real. 

We know the results of Dr. Zollinger’s efforts 
will be notable. To the new Editor, then, only 
the best and kindest wishes for a long and 
successful assignment. 


THURSTON Scott WELTON, M.D 
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SCIENTIFIC PAPERS 


Synthetic Materials As Vascular Prostheses 


I. A COMPARATIVE STUDY IN SMALL VESSELS OF NYLON, DACRON, ORLON, 
IVALON SPONGE AND TEFLON 


J. Harotp Harrison, M.D.,* Denver, Colorado 


From the Research and Development Service, Fitzsimons __ orlon, ivalon sponge and teflon, replacing seg- 
Army Hospital, Denver, Colorado. ments of the thoracic aorta of dogs [8—11,20]. 

As the diameter of the graft decreased below 
9 mm., the incidence of occlusion from throm- 
bosis increased markedly and small variations 
in the grafts became more apparent. 

This article represents the results obtained 
in replacing segments of the abdominal aorta, 
carotid and femoral arteries of 133 dogs with 
grafts of nylon, dacron,f orlon,{ ivalon sponge§ 
and teflon.|| The long term results with similar 
grafts in larger vessels, including tensile 
strength studies, will be the subject of a later 
report. 


Spee rapid expansion of the field of vascular 
surgery during the past decade has mark- 
edly increased the need for arterial substitutes. 
Homografts have played a major role, but the 
somewhat limited supply, time and expense 
involved in procuring and storage, and recent 
evidence that there is breakdown after long 
periods of implantation [z], make them less 
than ideal. Synthetic prostheses, if proved 
satisfactory, would possess many advantages, 
including: adequate supply in a variety of sizes 
and shapes, ease of storage, and resistance to 
breakdown after implantation. MATERIALS 

Early attempts at replacing blood vessels 
with synthetic prostheses were largely unsuc- 
cessful, due to a high rate of occlusion from 
thrombosis [4,15]. The interest in these was 
revitalized in 1952 by Voorhees et al. [21], 
who reported good results with a weave of 
vinyon-N. Since that time good results have 
been reported with a variety of synthetic mate- 
rials [3,5,11,16—19]. 

Ina wean, eapunmiguies udy of sy nthetic vascular Tt Dacron is the du Pont trade name for polyethylene 
prostheses in 300 animals in this laboratory it givcol terephthalate. 
became apparent early that the results varied t Orlon is the du Pont trade name for polyacrylo- 
directly with the diameter of the vessel re- ae aaaiiianiaaiaiabiladaa 

aion nge, tor ze vin conoi sponge— 

placed. When segments of large vessels were by Clay-A Co Ne A 
replaced, the short term results with most York, N. Y. 
materials were good. There was occlusion in 


. || Teflon is the du Pont trade name for polytetra- 
only one of eighty-two grafts of nylon, dacron, _fluoroethylene. 


* Present Address: Department of Surgery, Emory University School of Medicine, Atlanta, Georgia. 
3 American Journal of Surgery, Volume 95, January, 1958 


Materials were chosen with a wide range of 
chemical and physical properties for compari- 
son. Weaves of nylon and dacron were fashioned 
with a sewing machine into grafts of the ap- 
propriate size and shape. Two weaves of 
dacron, No. 14 and No. 15024, were used to 
compare the effects of smoothness and porosity. 
(Fig. 1, Table 1.) The calendered weave, No. 14, 
was thinner, smoother and had a lower porosity. 


‘ 
: 
t 
; 
Pye 
Wie 
> 
a 
= 
4 
& 
¥ 


Harrison 


Fic. 1. Photograph of grafts studied. A, molded ivalon sponge; B, crimped 
nylon; C, untreated woven teflon tube; D, purified woven teflon tube; E, 
dacron No. 15024; F, dacron No. 14; G, knitted orlon; H, nylon 517A. 


Nylon tubes (Fig. 1B) crimped on a mandrel 
with formic acid, advocated by Edwards [5) to 
prevent buckling when placed in flexion creases, 
were cut to the appropriate length. 

~ Knitted orlon tubes [16] of two types were 
inserted. One was knitted with forty-eight and 
the other with fifty-two stitches per inch. 
(Fig. 1, Table 1.) 

Ivalon sponge blocks were frozen and slices 
3 mm. in thickness were cut with a meat slicer. 
These were washed in water to remove pre- 
servatives. Three layers were wrapped on a 
mold and heated for thirty minutes in the 
autoclave at 250°F. [8,18]. The molded grafts 
had walls 1 mm. in thickness with a smooth 
inner surface. (Fig. 1A.) Those with defects 
caused by overlapping of the pores of the 
sponge were discarded. 

Prewoven, seamless teflon tubes were cut to the 
appropriate length [11,19]. (Fig. 1, Table 1.) 

All the grafts of nylon, dacron, knitted 
orlon and teflon were washed and boiled in 


water and a detergent to remove any sizing 
agent or lubricants used in the weaving. 

Nineteen of the teflon grafts were boiled for 
an additional twenty-four hours in each of the 
following solutions: concentrated nitric acid, 
concentrated sulfuric acid, 50 per cent sodium 
hydroxide, and aqua regia. They were then 
rinsed copiously in saline to return the pH to 
neutral [11,19]. These will be further referred 
to in the text as “purified.” The purified graft 
was bleached white and slight shrinkage of 
the fibers occurred, causing a decrease in 
porosity and a slight increase in rigidity of the 
walls. (Fig. 1, Table 1.) 

The ends of the woven and braided grafts 
were flamed over a Bunsen burner to prevent 
raveling at the time of insertion, making turn- 
ing of cuffs unnecessary. 


METHOD 


Abdominal Aorta. Adult mongrel dogs were 
used. A total of 114 grafts were inserted into 
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Fic. 2. Schematic drawings of fate of synthetic graft. A, fibrin layer is deposited 
on inner surface, the thickness varying with the material but independent of 
the diameter. B, fibrin is gradually replaced by fibrous tissue growing through 
interstices of weave of graft. C, inner surface of healed graft is covered by thin 
layer of fibrous tissue grossly similar to intima of artery. Occlusion, when it is 
to occur, does so when fibrin is increasing in thickness and rarely after it has 


been replaced by fibrous tissue. 


the abdominal aorta. All animals were anes- 
thetized with intravenous sodium pentobarbi- 
tal. Endotracheal tubes were inserted and 
oxygen was given by intermittent positive 
pressure with a pneophore valve. The abdomen 
was opened through a midline incision and the 
aorta freed from the renal arteries to the tri- 
furcation. A segment of artery 4 to 5 cm. in 
length was excised and replaced by a graft the 
same diameter and 5 to 6 cm. in length. All 
anastomoses were done in the same manner 
with a continuous over and over suture of 
No. 5-0 arterial silk after everting mattress 
sutures had been placed at two corners. In 
three animals purified teflon grafts were in- 
serted after resecting less artery to determine 
the effect of loose insertion. 

Frozen, dried homografts were inserted in 
ten animals as controls, using the same technic 
employed with the synthetic grafts. 

Carotid and Femoral Arteries. Grafts of 
woven, purified teflon tubing and molded iva- 
lon sponge were inserted in the femoral and 
carotid arteries of nineteen large dogs. A 4 cm. 
segment was excised between Pott’s bulldog 
clamps and replaced by a graft 4 mm. in 
diameter and 4 cm. in length. 

Postoperatively the dogs were given penicillin 


for one week. They were watched carefully for 
changes in pulses, then sacrificed at intervals 
up to six months. At the time of sacrifice the 
animals were anesthetized, and while still alive, 
the grafts were visualized to evaluate the blood 


TABLE I 
PHYSICAL CHARACTERISTICS OF PLASTICS USED 
Thread Count Ace 
(Thr/inch) De- Thick- Poros- 
Material nier* | ityt 
(inch) (CF/ 
Warp | Filler min.) 
Dacron No. 14 
(calendered)f{..... 116 100 ra 00275 4.0 
Dacron No. 15024...| 256 106 as .0040 32.8 
Nylon 517A........ 172 86 53.7 
Teflon woven tubes..| 108 28.7 
Teflon woven tubes 
Orlon tubes........ Knitted with 48 stitches per} Above 250 
inch 
Orion tubes........ Knitted with 56 stitches per 76 
inch 


* Denier is weight in grams of 9,000 meters of yarn. 

+ Air porosity is number of cubic feet of air that will pass 
through a square foot of fabric in 1 minute at an air pressure of 
0.5 inches of water. This is a standard measure used by the manu- 
facturers. It correlates well with the size of the interstices of the 
weave and the water and blood porosity. 

t Calendering is the process of pressing between heated rollers. 
Threads are flattened, resulting in a decrease in thickness, lower 
porosity and smoother surface. 
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TABLE II 
OBSERVATIONS WITH HOMOGRAFTS AND SYNTHETIC GRAFTS REPLACING SEGMENTS OF ABDOMINAL 
AORTA 


| Diameter of 


Type of Graft Graft (mm.) 


No. 
Followed 


No. 
Occluded 


Per cent 


Occluded* Other Complications 


Nylon weave 517A sewn grafts 


Crimped nylon tubes 

Dacron weave No. 14 sewn grafts... 
Dacron weave No. 15024 sewn grafts 
Knitted orlon tubes 


Molded ivalon sponge 
6-8 


6-8 
6-8 


Woven teflon tubes............ 
Woven teflon tubes (purified) 
Homografts 


II 
19 
10 


Rupture of longitudinal 
suture line, 1 


Delayed bleeding through 
interstices in 9 

Fusiform aneurysm in 1; 
dissecting aneurysm in 1 


* Grafts becoming occluded during first 24 hours are excluded. (See text.) 


flow. All were excised and studied grossly and 
histologically. 


RESULTS 


Following release of the occluding clamps, 
there was bleeding through the interstices of 
the grafts which stopped after one to four min- 
utes. The over-all fate of the uncomplicated 
synthetic grafts was similar. After insertion 
they became enclosed in a fibrous tissue capsule 
that gradually became adherent. A layer of 
fibrin was deposited on the inner surface. This 
was loosely attached and increased in thickness, 
depending on the material, to 1 to 3 mm. by 
three weeks (Fig. 2A.) The fibrin lining was 
gradually replaced by fibrous tissue growing 
through the interstices of the graft. This 
progressed from the proximal and distal ends 
and later from islands in the central portions 
of the graft. (Fig. 2B and C.) The healed graft 
had a smooth, glistening inner surface less than 
14 mm. in thickness and grossly not unlike the 
intima of the host aorta. Microscopically it 
consisted of a flattened layer of fibrous tissue. 

The thickness of the fibrin lining, rate 
of healing and extent of fibrosis were de- 
pendent on the type of graft and complications 
encountered. 

In computing the percentage of occlusion of 
the grafts, the ones that became occluded 
during the first twenty-four hours were deleted. 
Occlusion during this period could well be 


attributed to operative trauma and shock, and 
is not considered significant. 

Abdominal Aorta. Nylon sewn grafts: Thir- 
teen grafts fashioned with a sewing machine 
were followed. There was rupture of the lJongi- 
tudinal suture line with exsanguination in one. 
One became occluded by thrombosis during 
the first twenty-four hours, and six others at 
fourteen to forty days postoperatively. The 
corrected rate of occlusion was 50 per cent. 
(Table 11.) 

Crimped nylon tubes: Eleven grafts were fol- 
lowed. One became occluded by thrombosis 
during the first twenty-four hours, and two 
others at twenty-three and twenty-seven days, 
respectively. A thick, fibrin lining caused an 
80 per cent occlusion of the lumen of one graft 
at 120 days. The corrected rate of occlusion 
was 30 per cent. (Table 11.) 

The fibrin lining deposited on the inner sur- 
face of the nylon grafts reached 2 to 3 mm. in 
thickness (Figs. 3 and 4), and healing, although 
complete in some by three months, was not 
in others after six months. There was a marked 
acute and chronic inflammatory reaction in- 
cited by the nylon, and fibrosis around the 
grafts was more extensive than with any of 
the other materials. (Figs. 5 and 6.) Both were 
more prevalent with the crimped tubes. The 
healed, crimped tube was much more rigid than 
the proximal or distal artery, and flexion, 
in situ after dissection, caused occlusion of the 
artery at the junction with the graft. 
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Fic. 3. Nylon 517A graft at forty-seven days. Note thick layer of fibrin lining 
inner surface with superimposed thrombus occluding Iumen. 


Fic. 4. Photomicrograph of cross sections of grafts at thirty days. Original magnific 

closes grafts, and fibrin lines inner surface. Part of the plastic separated at the time of sectioning. A, nylon; note 
thick fibrin lining of inner and fibrous enclosure of outer surface. B, dacron; fibrin lining is slightly thinner than 
nylon. C, teflon; note thinness of fibrous and fibrin layers compared to nylon and dacron grafts. 


Fic. 5. Crimped nylon graft at 150 days. Open and cross section. Healed graft is enclosed 
in thick fibrous capsule which eliminated much of advantage of non-buckling. 


Dacron: Ten grafts of calendered dacron 
No. 14 were followed. Four or 40 per cent 
became occluded from the fourteenth to the 
twenty-fourth postoperative day. (Table 11.) 

Sixteen grafts of dacron No. 15024 were fol- 
lowed. Two became occluded during the first 


twenty-four hours, seven from the eleventh 
through the twenty-fourth postoperative day, 
and one at the sixtieth postoperative day. The 
corrected rate of occlusion was 47.2 per cent. 
(Table 11.) 


The fibrin lining deposited on the inner sur- 
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ph of cross section of healed purified teflon graft (A) 


and longitudinal section of crimped nylon graft (B). Note the thickness of the 
fibrous enclosure of the nylon graft as compared to the teflon. Original magni- 


fication X 4. 


Fic. 7. Calendered dacron No. 14 graft at sixty days. Fibrin lining inner surface is loosely attached 
and slightly thinner than that lining nylon graft. (See Figure 3.) 


face of the dacron grafts was 1 to 2 mm. in 
thickness (Figs. 4 and 7), and healing was com- 
plete in most by four to six months. They were 
enclosed by slightly less fibrous tissue than the 
nylon grafts. There was no significant differ- 
ence in the healing relative to the difference in 
smoothness and porosity of the two weaves. 
There was wrinkling and a thicker fibrin 
lining along the longitudinal suture line of 
most of the nylon- and dacron-sewn grafts. 
Healing, if there were no complications, pro- 
gressed at the same rate as in other portions. 
Knitted orlon: Fifteen grafts were followed, 
with complications in thirteen. (Table 11.) 
There was more bleeding through the inter- 
stices of the graft at the time of insertion than 
with the other prostheses. This, however, 
stopped after two to four minutes. Four became 


occluded by thrombosis. During the early 
postoperative period there was a recurrence of 
the bleeding through the interstices of nine of 
the grafts, resulting in hematomas. (Fig. 8A.) 
Associated with the hematomas there was an 
abscess in one and thrombosis in one. Hema- 
tomas around the grafts interfered markedly 
with the healing process. The fibrin lining the 
inner surface was thick, ragged and loosely 
attached, and there were multiple bare areas 
where portions had become detached. (Fig. 8.) 
Healing occurred only after the hematoma had 
resolved. It is doubtful that the larger hema- 
tomas would have resolved, and it is believed 
that had they been followed longer the rate of 
thrombosis would have been higher [9]. 

Ivalon sponge: Nine grafts were followed. 
Two or 22.2 per cent became occluded from 


Se 
3 
Fic. 6. Photomicrogra 
on 
= 
8 

; 

2 


No. 1.83 28 days tii 


Knitted Orlon 

Fic. 8. Knitted orlon grafts at twenty-eight days. There was a recurrence of 
bleeding after it had stopped completely at the time of insertion. A, note en- 
capsulated hematoma surrounding graft. B, open view; note loosely attached 
fibrin and thrombi with bare areas where portions have become detached. C, 
hematoma surrounds graft and thick layer of fibrin lines inner surface. 
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Fic. 9. Photomicrograph of ivalon sponge graft at 180 days. Degenerated sponge has been 


replaced by fibrous tissue. 


Fic. 10. Ivalon sponge graft at 180 days. Open view showing aneurysm in central 
position. 


the sixteenth to the thirtieth postoperative day. 
(Table 11.) The ivalon sponge degenerated and 
became brittle after short periods of implanta- 
tion. Areas of degenerated sponge were re- 
placed by fibrous tissue. (Fig. 9.) At six months 
there was a fusiform aneurysm in one graft 
and a dissecting aneurysm in another [8]. 
(Figs. 10 and 11.) 

Teflon: Thirty grafts, eleven untreated and 
nineteen purified, were followed. Two of the 
eleven untreated grafts became occluded by 
thrombosis during the first twenty-four hours, 
and one on the fourteenth postoperative day. 
The corrected rate of occlusion was 11.4 per 
cent. (Table 11.) 


One of the nineteen purified grafts throm- 


bosed during the first twenty-four hours, and 
another on the sixteenth postoperative day. 
The corrected rate of occlusion was 6.3 per cent. 
(Table 11.) One of the three purposely loosely 
inserted grafts became occluded at twenty-one 
days. Another animal had an intermittent loss 
of pulses but the graft remained patent. At 
autopsy there were kinks in the central portion 
of both [11]. 

The layer of fibrin lining the inner surface 
of the purified teflon grafts was thinner than 
with any of the other materials and rarely 
exceeded 1 mm. in thickness. (Fig. 4.) Fibrous 
tissue replacement began at two weeks and 
healing was complete in most by four to twelve 
weeks. The tissue reaction incited and extent 
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Fic. 11. Ivalon sponge graft at 188 days; open view. There was rupture through 
brittle sponge (arrow) with dissecting aneurysm. 


of fibrosis was minimal, and the healed grafts 
were more pliable than any of the others. 
(Fig. 12.) 

The untreated grafts had a slightly thicker 
layer of fibrin lining the inner surface. This was 
replaced by fibrous tissue in eight to sixteen 
weeks in some, but was not complete in others 
by six months. They incited more reaction and 
had a thicker fibrous enclosure than the puri- 
fied grafts. A whitish material was attached 
to the fibrin adjacent to the inner surface of 
some of these grafts. The composition of this 
has not been determined [11]. (Fig. 13.) 

Homografts: There was occlusion by throm- 
bosis of one or 10 per cent of the ten frozen, 


dried homografts in the control series. (Table 11.) 


Femoral and Carotid Arteries. There was 
occlusion of eleven of the twelve woven, puri- 
fied tubes of teflon, and six of the seven ivalon 
sponge grafts inserted into the femoral and 
carotid arteries. (Table m1.) 


COMMENTS 


A review of the fate of the synthetic graft 
explains the increase in rate of occlusion as the 
diameter of the vessel replaced decreases below 
9 mm. Occlusion, when it is to occur, does so 
when the fibrin is increasing in thickness and is 
loosely attached (Fig. 2A), and rarely after it 
has been replaced by fibrous tissue (Fig. 2C). 
Of the thirty-seven grafts in this series that 
became occluded, the average time was sixteen 
days, with none occluding after sixty days. 
The thickness of the fibrin lining deposited on 
the inner surface of a synthetic graft is inde- 


pendent of its diameter. As the diameter de- 
creases, there is a proportionately greater re- 
duction in the size of the lumen and blood flow, 
increasing the chance of occlusion from a super- 
imposed thrombus. A 2 mm. lining that would 
make little difference in the flow through a 


TABLE Ill 
OBSERVATIONS WITH SYNTHETIC GRAFTS REPLACING 
SEGMENTS OF CAROTID AND FEMORAL ARTERIES 


ppg No. Per cent 


No. 
Material (mm,) | Followed | Occluded | Occluded 


Teflon woven tubes 
(purified) 
Ivalon sponge 


12 mm. graft would practically occlude the 
lumen of one 6 mm. in diameter. 

There are individual variations in animals 
that cannot be explained, but in general the 
thickness of the fibrin lining deposited on the 
inner surface can be correlated with the chemi- 
cal stability, wettability and amount of tissue 
reaction incited by the graft. 

Physical and technical factors, including the 
method of preparation, technic of insertion, 
porosity and smoothness of surface, become of 
more importance. A uniform continuity from 
the proximal into the distal artery through the 
synthetic graft is imperative. Any interruption 
of this will cause an encroachment on the 
lumen and an increase in the thickness of the 
fibrin lining due to changes in the blood flow. 
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Fic. 12. Healing stages of purified teflon grafts. A, at five days; note thin layer of fibrin lining inner 
surface. B, at thirty days; fibrin has been largely replaced by fibrous tissue. C, at 120 days; open 
and cross section of healed graft. Note thin fibrous enclosure as compared to nylon graft. (See 
Figure 5.) Purified teflon grafts had thinner fibrin linings, healed more rigidly and had thinner 


fibrous enclosure than any in series. 


Either or both factors might be sufficient to 
occlude the lumen of a small graft. 


Material. Nylon is chemically somewhat un- 
stable, is more wettable and incites more acute 
and chronic foreign body reaction than any of 
the other synthetics studied [2,7,13,14]. These 
factors are responsible for the thick fibrin lining 
and slow rate of healing, causing a higher rate 
of occlusion as well as a thick fibrous enclosure 
of the healed graft. The latter eliminates much 
of the advantage of non-buckling with the 
crimped tubes [5]. The results indicate that 


nylon is unsatisfactory for replacing small 
blood vessels. 

Dacron is chemically more stable, less wetta- 
ble and incites less tissue reaction than nylon 
[2,7,13,14]. These explain the slightly thinner 
fibrin lining and less fibrous enclosure. It is 
considered superior to nylon but still unsatis- 
factory for replacing segments of small vessels. 

Orlon: The high incidence of complications 
with the knitted tubes precluded an accurate 
evaluation of orlon per se. The tubes used in 
this study were knitted as closely as possible 
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Fic. 13. Untreated teflon graft at 114 days. Note bare areas and whitish mate- 


rial attached to inner surface of graft. 


with an orlon yarn. The delayed bleeding 
through the interstices indicates that they are 
too porous. Reduction of the porosity by heat 
shrinking on a mandrel to a point that bleeding 
will not occur is accompanied by an increase in 
thickness and rigidity of the walls of the grafts 
which will cause a higher rate of occlusion from 
buckling. It is believed, therefore, that knitted 
orlon tubes are unsatisfactory for replacing 
vessels less than 9 mm. in diameter [9]. 

Ivalon sponge is the least resistant to chemical 
degradation of any of the materials studied, and 
is water soluble [12,14]. Its wettability is evi- 
denced by its use as a sponge. This chemical 
instability is responsible for its rapid break- 
down with aneurysm and rupture of the grafts. 
Ivalon sponge is considered unsatisfactory as 
a vascular prosthesis [8]. 

Teflon is chemically more inert, less wettable 
and incites less tissue reaction than any of the 
plastics studied [7,12,14]. These are responsible 
for the thinner fibrin lining that is deposited, 
the more rapid healing, the lower rate of 
thrombosis and thinner fibrous enclosure with 
more pliability of the healed graft. The 6.3 per 
cent incidence of occlusion with the purified 
tubes is lower than with any of the other mate- 
rials and compares favorably with the 10 per 
cent with homografts. They are considered the 
only satisfactory prostheses of the ones studied 
for the replacement of blood vessels less than 
9 mm. in diameter [11]. 

The results indicate that purification of the 
teflon is necessary. Attempts are being made 
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to simplify the process, and there is evidence 
that boiling the material for twenty-four hours 
in nitric acid alone will be adequate |20]. 

The manufacturers have not been able to 
extrude small teflon fibers. Therefore the walls 
of the graft are thicker than desirable. Unless 
they are inserted with the proper tension, or 
if long segments of vessels are replaced, buck- 
ling with occlusion might become a problem. 
Attempts are presently being made to develop 
a teflon tube that will not buckle. This should 
offer an advantage in replacing small arteries, 
particularly long segments and those in flexion 
creases. 

Physical Factors. The 50 to 57 per cent rate 
of occlusion with sewn grafts of nylon and 
dacron compared to 22 per cent with ivalon 
sponge, 30 per cent with crimped nylon and 
6.3 per cent with purified woven teflon tubes 
indicates the importance of the method of 
preparation. (Table 1.) The lower rate of oc- 
clusion with the teflon tubes can, in part, be 
explained by the thinner fibrin lining deposited 
on the inner surface. This is not a factor with 
the others. The crimped tubes incited more 
tissue reaction than the nylon or dacron weaves, 
and the inner surface was not as smooth. 
Ivalon sponge is more wettable, causes as much 
reaction, and the surface is no smoother than 
either. Much of the difference is thought to be 
due to the presence of the longitudinal seam. 
It is practically impossible to prevent wrinkling 
along the longitudinal suture line in sewing a 
small graft (Fig. 1), and it is difficult to insert 
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them with a smooth anastomotic line. These 
factors will increase the rate of occlusion of 
small grafts. Woven or molded tubes can be 
inserted with smoother anastomotic lines and 
will have less tendency to wrinkle, 

Experience with the technic of insertion is 
imperative if good results are to be obtained 
with any synthetic graft replacing a small ves- 
sel. Irregularities in the anastomotic lines will 
cause an increase in the thickness of the fibrin 
lining from changes in blood flow. They must 
be inserted under slight tension, as the loosely 
inserted grafts will buckle, causing a higher 
rate of occlusion. This was evidenced by the 
occlusion in one and intermittent loss of pulse 
in another of the three teflon grafts so in- 
serted [11]. Loose insertion of a graft with walls 
more rigid than the proximal or distal artery 
will lead to the same complications, since the 
artery will kink at the junction with the graft. 

Solid synthetic tubes will not remain patent 
when replacing small blood vessels [6,20], and 
there will be excessive bleeding through grafts 
that are too porous [9]. Between these ex- 
tremes the desirable limits of porosity have 
not been established. 

The healing of a synthetic graft depends on 
the ingrowth of fibrous tissue through the 
interstices of the weave. One would therefore 
expect it to vary with the porosity and be more 
rapid with the more porous grafts. Evaluation 
of this is difficult because the original porosity 
is only one factor in determining the functional 
porosity, and within a given limit the healing 
will depend as much on the material making 
up the graft as the porosity. 

When the fabrics are immersed in water for 
a period of time, the porosity decreases. The 
extent to which this occurs varies with the 
water absorptive capacities of the material, 
the individual fiber size, type of twist and 
weave, and the original porosity |20]. There 
was little difference in the porosity of the two 
dacron weaves after soaking for two weeks, 
which explains the similarity in the healing 
pattern. 

The purified teflon tubes with an air porosity 
of 5.4 healed more rapidly than the untreated 
tubes with an air porosity of 21.7 and the 
dacron and nylon grafts with an air porosity 
of 32.8 and 13.7, respectively. (Table 1.) The 
difference here is related more to the difference 
in tissue reaction incited to the material making 
up the grafts than the porosity. A foreign body 


reaction of any extent will delay the ingrowth 
of fibrous tissue through the interstices and 
prolong the healing. 

The excessive delayed bleeding through the 
interstices of the orlon tubes with an air poros- 
ity of 76 indicates that the graft should have an 
original air porosity of less than 40 to 50. Be- 
tween 40 and 5 no definite conclusions can be 
drawn, but it is believed that the preferable air 
porosity of woven teflon tubes is 10 to 30. Fur- 
ther study is needed and planned. 

It is doubtful that a small difference in the 
smoothness of the inner surface of the graft is 
as important as the other factors. During the 
first twenty-four hours it might be significant, 
but after that time fibrin fills in any small de- 
fects and original differences in smoothness are 
eliminated. This is reflected in a comparison of 
the rate of occlusion with the crimped nylon 
tubes with an irregular surface, and the ivalon 
sponge grafts with a smooth inner surface. The 
22 per cent and 30 per cent rate of occlusion 
with each, respectively, is not significantly 
different. 

Femoral and Carotid Arteries. The 85 to 
go per cent rate of occlusion with grafts of 
teflon and ivalon sponge replacing the carotid 
and femoral arteries (Table 11) is due to the 
same factors responsible for the higher rate of 
thrombosis in the abdominal grafts than the 
thoracic graft. The thickness of the fibrin lining 
remains the same and all other factors are pro- 
portionately increased. (Fig. 2.) It is believed 
that none of the plastic prostheses now avail- 
able will be satisfactory for replacing arteries 
less than 5 mm. in diameter. 


SUMMARY AND CONCLUSIONS 


Grafts of nylon, dacron, orlon, ivalon sponge 
and teflon, with a wide range of physical proper- 
ties, were inserted into the abdominal aorta, 
carotid and femoral arteries of 133 dogs. 
Frozen, dried homografts were inserted into 
the abdominal aorta of ten dogs as controls. 

The best and only satisfactory results were 
obtained with woven, purified teflon tubes. The 
6.3 per cent rate of occlusion with these com- 
pared favorably with the 10 per cent with 
homografts. 

Nylon grafts were accompanied by a high 
rate of thrombosis, and the thickness of the 
fibrous enclosure eliminated much of the ad- 
vantage of non-buckling in the crimped tubes. 
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Dacron is considered better than nylon, but 
the thickness of the fibrin lining and high rate 
of occlusion makes it unsatisfactory for replac- 
ing small vessels. 

Knitted tubes of orlon are too porous and 
were complicated by excessive delayed bleeding 
with hematomas around the graft. 

Molded grafts of ivalon sponge were unsatis- 
factory, due to breakdown, with aneurysm 
and/or rupture. 

Grafts with a longitudinal seam are inferior 
to prewoven or molded tubes. The latter will 
have less wrinkles and can be inserted with 
smoother anastomotic lines. 

Synthetic grafts must be inserted under slight 
tension, as loose insertion will allow buckling 
with a high rate of occlusion. 

Solid tubes will not remain patent in small 
vessels, and grafts with an air porosity of over 
50 are too porous. Between these extremes the 
rate of healing is dependent as much on the 
reaction incited by the material as on the 
porosity of the graft. 

None of the synthetic prostheses studied is 
satisfactory for replacing blood vessels less than 
5 mm. in diameter. 
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Synthetic Materials As Vascular Prostheses 


II. A COMPARATIVE STUDY OF NYLON, DACRON, ORLON, IVALON SPONGE AND 
TEFLON IN LARGE BLOOD VESSELS WITH TENSILE STRENGTH STUDIES 


J. Harotp Harrison, M.D.,* Denver, Colorado 


From the Research and Development Service, Fitzsimons 
Army Hospital, Denver, Colorado. 


I’ a comparative study of the synthetic mate- 
rials as vascular prostheses under various 
conditions in some 300 animals, it became ap- 


TABLE I 
PHYSICAL CHARACTERISTICS OF SYNTHETIC FABRICS 


Thread Count 


Thr/inch 
D Thick- Air 
Material : ness | Poros- 
Fi (inch) ityT 
ill- 
Warp ing 
Dacron No. 14 (calen- 
116 100 .00275] 4.0 
Nylon (NY-319F) (cal- 
| 254 126 70 .007 26.3 
Teflon (TF-208)....... 76 65 . 0091 3.43 


* Denier is weight in grams of 9.000 meters of yarn. 

+ Air porosity is number of cubic feet of air that will pass 
through a square foot of fabric in one minute at an air pressure of 
0.5 inches of water. This is a standard measure used by the manu- 
facturers. It correlates well with the size of the interstices of the 
weave and the water and blood porosity. 


t¢ Calendering is the process of pressing between heated rollers. 
Threads are flattened, resulting in a decrease in thickness, lower 
porosity and smoother surface. 


parent early that the results varied directly 
with the size of the blood vessel replaced. As 
the diameter decreases below 9 mm., the in- 
cidence of occlusion from thrombosis increases 
markedly andjsmall variations in the grafts 
become more apparent. The importance of the 
material making up the graft and the physical 
and technical factors, including the method of 
preparation, technic of insertion, porosity and 
smoothness of the surface, on the outcome of 
grafts in vessels this size were discussed in 
Part 1 of this paper [5]. 

When vessels larger than 9 mm. in diameter 
are replaced, the short term results with almost 


any synthetic material are so good that they 
may be misleading, and the aforementioned 
factors become less apparent. Of primary con- 
cern in these is that the walls of the grafts will 
be of sufficient strength to prevent aneurysm 
and rupture. 

This article represents the results obtained 
with grafts of nylon, dacron,{ orlon,{ teflon§ 
and ivalon spongel| replacing the thoracic 
aorta of dogs, with tensile strength determina- 
tions on the materials making up the grafts 
at intervals up to two years. 


MATERIALS 


The materials were chosen with a wide range 
of physical and chemical properties for com- 
parison. Weaves of nylon, dacron, and teflon 
(Table 1) were fashioned with a sewing machine 
into grafts of the appropriate size and shape. 
All were tapered to allow better fit. 

Orlon tubes were knitted with forty-eight 
stitches per inch of type 42 orlon fabric, a soft 
spun staple yarn possessing a high residual 
shrinkage and a fuzzy surface. These were 
placed on a tapered form, heated and shrunk 
in a retort at 300°F. for three minutes. (Table 1.) 
The inner surface was then singed [4]. 

Ivalon sponge blocks were frozen and slices 
3 mm. in thickness were cut with a meat slicer. 
These were washed in water to remove any 

+ Dacron is the du Pont trade name for polyethylene 
glycol terephthalate. 


t Orlon is the du Pont trade name for polyacryl- 
onitrile. 

§ Teflon is the du Pont trade name for polytetra- 
fluoroethylene. 

|| Ivalon sponge, formalized polyvinyl alcohol sponge- 
formulation M, is supplied by Clay-Adams Co., New 
York, N. Y. 


* Present address: Department of Surgery, Emory University School of Medicine, Atlanta, Georgia. 
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Fic. 1. Close-up photograph of Instron apparatus. Arrow points to prepared specimen (B) that is placed in jaws (A). 


Stress strain curve is recorded on (C). 


preservatives. Three layers were wrapped on a 
mold, compressed and heated for thirty minutes 
in the autoclave at 250°F. The molded grafts 
were tapered and had walls 1 mm. in thickness. 

All the grafts of nylon, dacron, orlon and 
teflon were washed and boiled in water and a 
detergent to remove any sizing agents or lubri- 
cants used in the weaving. The ends of the 
woven grafts were flamed over a Bunsen burner 
to prevent raveling at the time of insertion, 
making turning of cuffs unnecessary. 


METHODS 


Adult mongrel dogs were used. A total of 
eighty-four grafts were inserted into the 
thoracic aorta. All the animals were anes- 
thetized with intravenous sodium pentobarbi- 
tal. Endotracheal tubes were inserted and oxy- 
gen was given by intermittent positive pressure 
with a pneophore valve. 

The chest was entered through the fifth 
intercostal space and the aorta freed from the 
arch distally 6 inches. Six pairs of intercostals 
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were ligated and divided. A shunt made of 
polyethylene tubing was placed between the 
left subclavian artery and the descending aorta 
during the period of occlusion. A segment of 
artery 5 cm. in length was excised between 
Pott’s clamps and replaced by a tapered graft 
the same size and 6 to 7 cm. in length. The 
anastomoses were done with a continuous over 
and over suture of No. 5-0 artery silk after 
placing everting mattress sutures at two cor- 
ners. The distal clamp was released and blood 
allowed to fill the graft. After all bleeding had 
stopped, usually by one to three minutes, the 
proximal clamp was gradually released. The 
subclavian stump was then ligated. 

Postoperatively the dogs were given penicil- 
lin for one week. They were watched carefully 
for changes in pulses, then sacrificed at inter- 
vals up to two years. Aortograms were done 
prior to sacrifice by taking films after injecting 
10 cc. of 70 per cent urokon® into the left 
ventricle. All grafts were excised and studied 
grossly and histologically. 

Tensile strength determinations were done on 
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Fic. 2. Nylon graft at twenty-one months; open view. There was complete breakdown of the fabric 
with a dissecting aneurysm that ruptured through the fibrous enclosure and a bronchus. Arrow 
points to site of rupture. The remainder of the nylon in the graft had lost 95.4 per cent of its original 


strength. (See Figure 3.) 


the materials making up the grafts at intervals 
for two years using the Instron apparatus.* 
The grafts were dissected from their enclosing 
fibrous tissue and strips 44 inch in width and 
2 inches in length were cut in the direction of 
the fibers. One-half inch of each end was placed 
in the jaws of the Instron, allowing pull over 
1 inch of the material. (Fig. 1.) The length of 
some of the nylon grafts permitted only a 1 inch 
specimen. Similar width and length strips of 
the original fabrics used in making the grafts 
were used as controls and the threads of both 
that were subjected to pull were counted. 

The specimens were wet on both sides and 
similar settings of the Instron were used 
throughout the study. These consisted of a 
jaw speed of 1 inch per minute, chart speed of 
5 inches per minute, load unit of 10 pounds per 
inch, elongation units of 20 per cent per inch, 
and a scale of zero to 100 pounds. 

The specimens pulled in the direction of the 
warp and filling fibers were compared with their 
respective controls, and the per cent change in 
strength was computed from the difference 
after corrections for any variations in the 
thread counts. 

The accuracy of the Instron apparatus is 
better than 99.5 per cent. Minute variations in 
the fabrics and preparation of the specimens, 
however, were responsible for a margin of error 


*The Instron apparatus is a highly sensitive elec- 
tronic weighing system employing bonded wire strain 
gauges for detecting and recording the tensile load 
applied to the sample under test. A stress strain curve 
is plotted. With this apparatus, full scale sensitivities 
can be extended from 2 gm. to 1,000 pounds or more. 
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in the determinations of plus or minus 5 per 
cent. 

Similar studies were done on grafts that were 
inserted into defects in the abdominal aorta and 
on teflon and nylon weaves that had been in- 
serted into defects in the pericardium [5]. 

Animals with grafts of nylon, dacron, orlon 
and teflon have not been sacrificed and are to 
be watched for longer periods of time. 


RESULTS 


The polyethylene shunts satisfactorily pre- 
vented shock or paralysis from aortic occlusion 
during the twenty to thirty minutes necessary 
for inserting the grafts. 

The fate of the grafts during the healing 
phases was similar regardless of the size of the 
blood vessel replaced. This was discussed fully 
in Part 1 of the paper [5] and will not be re- 
peated here, since with few exceptions it had 
little influence on the outcome. 

Calendered Nylon. Thirty animals were fol- 
lowed for periods of up to two years. There was 
a loss of pulses in one animal at three months 
postoperatively, resulting from a hematoma 
surrounding the graft with a thrombus com- 
pletely occluding the distal portion of the 
lumen. The remainder of the grafts remained 
patent [6]. 

There was complete breakdown of the nylon 
fabric in one graft at twenty-one months, 
resulting in a dissecting aneurysm which rup- 
tured through the fibrous enclosure and a 
bronchus allowing bleeding of approximately 
500 cc. (Fig. 2.) There was an encapsulated 
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hematoma around one graft at twenty-four 
months that pulsated and gave the appearance 
of a dissecting aneurysm. The nylon fabric was 
intact but there was no fibrous lining of the 


TABLE II 
RESULTS OF TENSILE STRENGTH DETERMINATIONS ON 
SYNTHETIC GRAFTS 
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Tensile Strength 
(Lb./o.5 inch)* 
Dog ype o No. of Change 
No. Weave Days Control Graft in . 
Strength 
Warp Warp 
Nylon 
517A 89 | 48.0 | 22.0 -. |16.5] —25 
304 517A | 46.0 | 22.0] 8.0} .... —83 
268 517A | 26.8 | 22.0) | ...< —73 
314 NY-319F 174 | 78.0 | 47.4 oe 8.0} —83 
171 NY-310F | 175 | 78.0 | 47.4 8.0} —83 
138 NY-3190F | 363 | 78.0 | 47.4 8.0| —83 
140, | NY-3190F | 365 | 78.0 | 47.4 10.0] —79 
136 | NY-3190F | 366 | 78.0 | 47.4 8.0] —83 
| NY-319F | 310 | 78.0 | 47.4| 6.8]|.... 
151 NY-310F | 405 | 78.0 | 47.4 9.6| —80 
210 NY-3190F | 651 75.6 | 46.1 —95.4 
153 NY-319F | 726 | 75.6 | 46.1 19.2} —58.3 
Dacron 
401 16 Ge | 44.0 1....] 9.1 
326 613 89 | 56.0 |....] 40.0 — 28.6 
343 14 106 | 25.3 | 27.8| 21.0 —17.0 
403 14 120 25.3 | 27.8] 20.0 —20.9 
360 14 128 | 25.3 | 27.8] .... | 23.0] —17.3 
446 14 180 | 25.3 | 27.8] 24.7 — 2.4 
319 14 365 | 25.3 | 27.8] 24.2 — 4.3 
408 14 445 | 25.3 | 27.8] 24.8 — 3.0 
Orlont 
477 81 60 35.8 37.0) + 3.4 
447 81 145 35.8 37.0| + 3.4 
413 81 152 26.9 31.0] — 5.2 
418 81 181 24.7 33.0] + 0.9 
494 42 377 20.2 18.8] — 6.9 
479 52 383 20.2 18.8| — 6.9 
Teflon 
526 TF-210 89 | 85.0 | 64.5] 80.8 + 5.6 
473 TF-208 114 | 56.2 | 44.0] 54.4 — 3.0 
559 Woven 96.01 + 7.4 
tube 
(purified) 
tube 
tube 
306{| TF-210 301 | 85.0 | 64.5| .... | 71.1] +10.2 


* Tensile strength of grafts computed for similar lengths and 


thread counts of controls. 
Pericardial implant. 


t Warp and tilling do not apply to knitted tubes. Tensile 
strengths are computed for similar lengths and loop counts of 


controls. 
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Fic. 3. Photograph of Instron recording of nylon before 
and in dog 210 after twenty-one months as a vascular 
prosthesis. Peak of the curve is the breaking point or 
tensile strength. The nylon lost 95.4 per cent of its 
original strength. 


central portion of the inner surface, and water 
injected into the closed graft flowed freely 
through the interstices. 

The tensile strength in pounds per 0.5 inch 
of the calendered nylon decreased from 78 to 
8 after 175 days, representing a loss of 85 per 
cent of its original strength. After 365 days 
there was a loss of 79 to 83 per cent, and at 
495 days 80 per cent. The breakdown with 
rupture of the nylon graft at 651 days repre- 
sented a 100 per cent loss of strength. The 
remainder of the material making up the graft 
had lost 95 per cent of its strength. (Fig. 3.) 
In one there was a loss of only 58 per cent of 
the original strength after 726 days. (Table 11.) 

The nylon weave 517A inserted into the ab- 
dominal aorta lost 73 to 83 per cent of its 
strength by 140 days, and the calendered nylon 
as a pericardial graft lost 91 per cent by 410 
days. (Table 11.) 

Dacron. Eighteen animals were followed for 
periods of up to fifteen months. All the grafts 
remained patent. 

The original strength of the dacron 14 in 
pounds per 0.5 inch was 25.3 in the warp and 
27.8 in the filling. Inserted as a graft in the 
abdominal aorta, it lost 17 to 21 per cent of its 
original strength during the first 128 days. 
There was only a 2.4 to 3.0 per cent loss of 
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strength of the same material inserted in the 
thoracic aorta after 180 to 445 days. Another 
dacron weave, No. 613, inserted into the ab- 
dominal aorta, lost 29 to 38 per cent of its 
strength by seventy to eighty-three days. 
(Table 11.) 

Ivalon Sponge. Nine animals were followed 
for periods of up to six months. Complications 
precluded the necessity for longer periods of 
observation. All the grafts remained patent. 
The ivalon sponge became hard and brittle 
early, losing all its elasticity. In one animal 


there was exsanguination at seventeen days 


postoperatively from a rupture of the distal 
suture line. Two exsanguinated at seventy- 
three and 129 days from aneurysm and rupture 
of the grafts. (Fig. 4.) In the remaining six 
fusiform dilatation of the grafts developed 
which progressed during the six-month ob- 
servation period. Microscopically there was 
evidence of widespread degeneration of the 
ivalon with points of breakage replaced by 
fibrous tissue. (Fig. 5.) Tensile strength studies 
were not possible, as the material fragmented 
during dissection from the surrounding tissue 


2]. 

Knitted Orlon. Nine grafts were followed for 
periods of up to one year. There was more 
bleeding through the interstices of these at the 
time of insertion than the others. However, this 
stopped after two to four minutes. All the 
grafts remained patent during the period of 
observation. 

The original tapering in the knitted grafts 
was no longer present after six months. There 
was an increase in diameter, throughout, result- 
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ing in a fusiform dilatation. (Fig. 6.) The grafts 
had apparently returned to their original form 
that existed prior to heat shrinkage. There was 
grossly no functional elasticity in the walls of 
the graft at the time of insertion or at the time 
of sacrifice [4]. 

The orlon increased 0.9 to 3.4 per cent in 
strength by sixty to 181 days. There was a loss 
of 6.9 per cent after 380 days. (Table 11.) 

Teflon Grafts. Eighteen animals were fol- 
lowed for periods of up to one year. All the 
grafts remained patent. The healed teflon grafts 
were enclosed in a thinner layer of fibrous aes 
than the others in the series [3]. The pliability 
was such that it was difficult by palpation to 
discern differences in the graft and the host 
vessels. 

The inner surface of two of the grafts ex- 
amined at six months and one year had areas 
of caictum deposited between the fibrous en- 
closure and the fabric. This was not observed 
in the abdominal grafts that had been purified 
or the other materials [3,5]. 

There was an increase in strength of the 
teflon inserted as a blood vessel graft of 6.9 per 
cent after 160 and 1.6 per cent after 208 days. 
After 358 days there was a decrease of 1.7 per 
cent. Implanted in a pericardial defect, it 
gained 10.2 per cent in strength after 301 days. 


(Table 11.) 


COMMENTS 


The results in this study indicate the ease 
of maintenance of patency of a synthetic pros- 
thesis when replacing a large blood vessel. 
There was occlusion of only one of the eighty- 
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Fic. 5. Photomicrographs of ivalon sponge graft. At twenty-one days (A) the sponge is intact and the inter- 
stices have been invaded by fibrous tissue. By ninety days (B) the sponge is undergoing degeneration. This is 
continuous and by 180 days (C) there is a quantitative loss which has been replaced by fibrous tissue. This is 


not adequate to prevent aneurysm or rupture of the graft (see text). 
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Fic. 6. Knitted orlon graft at 383 days; open view. The original tapering of the 
graft is nc longer present. Note the wide separation of the loops in portions of 


the graft. 


four grafts of nylon, dacron, orlon, ivalon 
sponge or teflon over 9 mm. in diameter in- 
serted in the thoracic aorta of dogs. This one 
might be excluded as occlusion was secondary 
to a hematoma. 

The important factor in these is the main- 
tenance of the strength of the walls to prevent 
aneurysm or rupture. The plastic prosthesis 
serves as a network for the ingrowth of fibrous 
tissue. This tissue will add support, but it is 
not of sufficient strength to prevent aneurysm 
or rupture should the plastic itself break down. 
The synthetic material making up the grafts 
should therefore be initially strong enough to 
withstand the forces of the blood stream and 
maintain this strength after implantation for a 
long period of time. 

It is believed that the loss of strength of a 
synthetic material after implantation in the 
body is due more to chemical degradation than 
the forces to which it is subjected. This is evi- 
denced by an equal change of strength of nylon 
and teflon inserted as grafts in abdominal and 
thoracic aortas and similar weaves in the peri- 
cardium where they are subjected to minimal 
pressure. The intra-arterial pressure is minimal 
compared to the strength of the materials, and 
it is doubtful that it would have a significant 
influence in their ultimate loss of strength. 

Nylon is strong enough but is far from being 
chemically inert. It is made by condensing 
hexamethylene diamine with adipic acid [8,12]. 
Water is expelled upon polymerization. It is 
destroyed by strong acids and is poorly re- 
sistant to weak acids, hydrolysis being rapid 
at a pH below 3.0. Alkaline solutions are 
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hydrolytic at a pH above 8.0. At elevated 
temperatures and particularly steam under 
pressure, the breakdown is rapid. One would 
expect hydrolysis to occur when the material 
is subjected to the body fluids and slightly 
elevated temperatures over a long period of 
time.* Proteolytic enzymes might aid in the 
hydrolysis by attacking the amide group of the 
nylon polymer [1,8,9,12-14]. 

This chemical instability is thought to be 
responsible for the loss of strength of the nylon 
after implantation in the body which led to 
complete breakdown and rupture of one of the 
grafts at twenty-one months. (Fig. 7.) Nylon 
is, for this reason, considered unsatisfactory as 
a vascular prosthesis [6]. 

Dacron is a polyester and, as nylon, is the 
product of a condensation reaction upon which 
water is expelled [10,12]. Its resistance to min- 
eral acids is good, but to alkali is only fair 
[1,9,12-14]. Although it is more stable chemi- 
cally than nylon, one might expect some hy- 
drolysis when it is subjected to the body’s 
mildly alkaline fluid over a long period of time. 

It is difficult to explain the loss of strength 
of the dacron during the first six months with 
very little noted at 445 days. (Fig. 7.) Although 
the latter is encouraging, in lieu of the chemical 


*In reviewing the technical literature, one finds 
studies in which the synthetics have been subjected to 
various chemical and physical conditions for short 
periods of time. However, we were not able to find in- 
stances in which they had been subjected to mild similar 
conditions for prolonged periods of time. The statements 
regarding their breakdown are therefore what one might 
expect in the body although no actual determinations 
have been made. 
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Fic. 7. Comparison of tensile strength of plastic grafts. There was little change 
in strength of the orlon, dacron or teflon, while there was almost complete 
breakdown of nylon during the periods of observation. 


nature and the loss of strength in the early 
stages, final evaluation is reserved until further 
follow-up. 

Orlon is a polymer resulting from a direct 
addition type reaction; therefore hydrolysis 
should occur less readily. It is attacked by 
mineral acids and alkali to a degree similar to 
dacron [1,8—10,12-14]. Its stability is thought 
to be responsible for the relatively little change 
in strength when it was inserted as a blood 
vessel graft for 377 days. (Fig. 7.) The differ- 
ence in the gain of 0.6 per cent at 180 days and 
the loss of 6.9 per cent at 365 days is little 
beyond the margin of error for the technic. 
The knitting of the grafts caused no difference 
in the rate of change of strength during the 
period of observation. 

The dilatation of the tapered orlon tubes 
was due to a return to their original shape prior 
to heat shrinkage. This caused no trouble dur- 
ing the one-year period, although any elasticity 
that had resulted from the knitting would have 
been lost [4]. The dilatation is thought to be 
significant, as it might well occur with grafts 
that are woven by other processes to afford 
elasticity in the walls. 

Ivalon sponge is chemically the least stable 
of any of the materials studied [10,11,14]. This 
instability accounts for its breakdown when 
subjected to the body’s fluids, resulting in this 
series in a high incidence of rupture and aneu- 
rysm of the grafts after short periods of 
implantation [2]. 

The grafts used were made from 9 mm. thick- 


nesses of the sponge compressed to 1 mm. 
Mortensen and others have reported good short 
term results when more of the material or a 
central core was used [15,16]. This should give 
stronger grafts, at least for short periods, and 
probably explains the difference in the results 
obtained. The degradation of ivalon sponge is, 
however, as with nylon, a continuous one and 
the ultimate strength of the grafts, regardless 
of the original thickness, will depend on fibrous 
tissue. This, as has been demonstrated, is not 
adequate to prevent aneurysm or rupture. It is 
therefore considered unsatisfactory as a vascu- 
lar prosthesis [2]. 

Teflon is strong and chemically the most 
inert synthetic material known. It is attacked 
only by molten alkali metals and fluorine gas 
at elevated temperatures and pressures [10,14]. 
It is practically non-wettable and incites mini- 
mal tissue reaction [7]. These are responsible for 
the minimal fibrous enclosure and pliability of 
the grafts, and lack of loss of strength after 
implantation. (Fig. 7.) One would expect mini- 
mal further change in strength after longer 
periods of observation. 

The results in this study indicate that a syn- 
thetic prosthesis is preferable to a homograft 
for replacing segments of blood vessels larger 
than 9 mm. in diameter. They are well toler- 
ated, will remain patent, and the evidence 
indicates that their strength will be maintained 
over a longer period of time. The greatest loss 
of strength of the nylon during the first six 
months makes the failure to do so of dacron, 
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orlon and teflon during the one-year observa- 
tion period more significant. Longer studies are 
of course necessary and are in progress. 

The one-year results with dacron, orlon and 
teflon are equally good. Teflon is at present 
considered the material of choice, as from its 
chemical inertness one would expect less further 
change in strength after longer periods of time. 
In addition, the healed grafts have a thinner 
fibrous enclosure resulting in more pliability 
[3,5]. Grossly this appears to give more elas- 
ticity to the walls, but measurements have not 
been made. 

Teflon grafts prepared from a weave with a 
sewing machine or woven tubes will give equally 
good results when replacing vessels larger than 
Q mm. in diameter. In some cases the former 
might be preferable, as the grafts can be 
tapered. This at present is not possible with 
the woven tubes [3]. 

The results indicate that purifying the teflon 
as outlined in Part 1 should be done [5]. Al- 
though the thicker fibrin lining of the inner 
surface and the delayed healing with the un- 
treated grafts will make little difference in the 
outcome when replacing large vessels, the 
thicker fibrous enclosure will reduce the pliabil- 
ity and the long term sequela of the calcifica- 
tion on the inner surface must be further 
evaluated. 


SUMMARY 


Grafts of nylon, dacron, orlon, ivalon sponge 
and teflon were inserted into defects of the 
thoracic aorta of eighty-four dogs. Follow-up 
studies included tensile strength determinations 
on the materials making up the grafts for 
periods of up to two years. 

Maintenance of patency was no problem, as 
only one graft became occluded and this one 
was secondary to a hematoma. 

Nylon underwent rapid degeneration after 
implantation in the body. This was complete 
in one graft, resulting in a dissecting aneurysm 
that ruptured through its fibrous enclosure 
and a bronchus. Nylon is considered unsatis- 
factory as a vascular prosthesis. 

Ivalon sponge is unsatisfactory due to rapid 
breakdown with aneurysm and rupture of the 
grafts. 

Orlon, dacron and teflon maintained their 
strength during the period of observation. 
Teflon is considered the material of choice as 
it is chemically more inert and would be ex- 
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pected to lose less strength after longer periods 
of time. Further follow-up is in progress. 
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HE results of arterial reconstitutions in 
sixty consecutive patients operated upon 
from September 1954 to July 1956 in the Barnes 


TABLE I 
TYPES OF GRAFTS USED IN PATIENTS WITH FEMORAL 
ARTERY OCCLUSIVE DISEASE 


No. of 


Type Patients 


Homografts alone (2 bilateral) 

Heterografts alone 

Homografts in 1 extremity, heterografts in 
the other 


Hospital, St. Louis, Missouri, are presented in 
order to add data which may aid in the de- 
lineation of indications and technics requi- 
site to successful surgical amelioration of 
arteriosclerosis. 


MATERIAL 


Twenty-six individuals had aortic bifurcation 
homografts implanted. The indications were 
symptomatic arteriosclerotic occlusion in nine- 
teen, abdominal aneurysm in six and an un- 
recognized dissecting aneurysm in one. 

Thirty-four persons underwent operations to 
correct blood flow deficiencies associated with 
occlusions of the iliofemoral arterial system 


below the bifurcation of the common iliac and 
above the distal popliteal arteries. Four of these 
individuals had bilateral femoral by-pass grafts. 
Nineteen patients had homograft implantation 
at their initial operation; two of these patients 
underwent bilateral procedures. Equine carotid 
arterial heterografts treated by controlled pep- 
tic proteolysis [1] were used in sixteen patients. 


TABLE II 
AGE AND SEX DISTRIBUTION 


No. of Patients 
Having Femoral 
Artery Grafts 


No. of Patients 
Having Aortic Bifur- 
cation Grafts 


Age by Decade 


* Median decade of age distribution. 


Two had both extremities operated upon, but 
only in one extremity was a heterograft im- 
planted; a homograft was used in the other. A 
nylon cloth prosthesis was implanted in one 
patient. (Table 1.) 

The age and sex distributions of the patients 
subjected to operation are shown in Table u. 


* Markle Scholar. 
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The median age of the patients having aortic 
bifurcation grafts was in the sixth decade, while 
that of the group undergoing femoral arterial 
reconstitution was a decade later. The majority 
of patients were men. 

Presenting Symptoms. Intermittent claudi- 
cation was present in thirty-two of thirty-four 


TABLE Ill 
OTHER DISEASE IN PATIENTS OPERATED UPON FOR MAJOR 
ARTERIAL OCCLUSIONS 


In In 
Patients | Patients 
. (26) | (34) 
Associated IIIs Having | Having 
Aortic | Femoral 
Grafts | Grafts 
I. Cardiovascular: 
A. EKG evidence of coro- 
nary artery insufficiency 
or previous myocardial 
B. Angina pectoris........ 3 oO 
C. Previous cerebral cardio- | 
vascular accident....... 1 | 2 
D. Hypertension (systolic | 
greater than 200 mm. 
Hg, diastolic greater than 
100 mg. Hg, or both)... 4 2 
E. Mitral stenosis......... oO I 
2 8 
2 
Total with associated disease... . 15 21 


patients requiring femoral grafts and in twenty 
of twenty-six patients having aortic graft 
implantation. 

All patients with arteriosclerotic occlusive 
disease of the aorta operated upon had inter- 
mittent claudication. One of these patients and 
three having femoral grafts had undergone pre- 
vious lumbar sympathectomies without bene- 
fit. Localized gangrene was present in the 
extremities of three patients requiring aortic 
grafts and in seventeen having femoral grafts. 
Impotence was a complaint of nineteen indi- 
viduals, nine of whom suffered femoral arterial 
occlusion only. 

Associated Diseases. Diabetes, manifesta- 
tions of generalized cardiovascular disease, or 
both were present in many patients with 
arterial defects requiring operations. The asso- 
ciated diseases are shown in Table 1. 

Homografts. Arteries removed from persons 
under forty years of age who were dying of non- 


infectious disease were sterilized by ethylene 
oxide and lyophilized or sterilized by cathode 
rays at the Massachusetts Institute of Tech- 
nology and preserved at 30°c. 

Heterografts. Equine carotid arteries were 
treated by controlled peptic digestion and 
sterilized with ethylene oxide and lyophilized 
or subjected to cathode ray sterilization and 
preserved at 30°c. 


TYPES OF OPERATIONS 


Aortic Grafts. Proximally, aortic bifurcation 
homografts were inserted end-to-end into the 
upper abdominal aorta after resection of the 
occluded aortic bifurcation. If partial or com- 
plete occlusion extended to the level of the renal 
artery, proximal abdominal aortic thrombec- 
tomy or endarterectomy was performed and 
the graft sutured to the aorta at or just above 
the origin of the inferior mesenteric artery. 
The distal limbs of the bifurcation grafts were 
anastomosed end-to-side into the peripheral 
arteries of the patient beyond the area of 
block.* Four patients had aortic grafts inserted 
as shunts about an occluded abdominal aorta; 
the occluded aortic bifurcation was left in situ. 

Femoral Artery Grafts. The femoral homo- 
grafts and heterografts were implanted using 
the by-pass technic of Linton [2], in all but two 
patients. 

In all patients 2 to 3 mg. of heparin in saline 
were injected above and below the occlusive 
clamps used to complete the necessary suture 
lines. None was employed postoperatively. 


RESULTS 


Complications and results in patients having 
aortic bifurcation homografts are shown in 
Table 1v. The operative mortality was 20 per 
cent. Twelve of the twenty-six patients (forty- 
six per cent) undergoing operation have con- 
tinued well without recurrence of symptoms, 
without requiring amputation or without the 
development of known dilatation or thrombosis 
of the graft during the period of observation 
(twelve to thirty-five months). 

In seven of the nineteen patients in whom 


femoral artery homografts were implanted 


(Table v) thrombosis developed in the grafts 
in the immediate postoperative period. (Table 


*In most instances this level was in the common 
femoral artery. This peripheral site was often chosen 
because of the frequent presence of partial occlusion of 
the external iliac artery behind the inguinal ligament. 
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v.) One patient died of a cerebral vascular acci- 
dent six weeks postoperatively; the graft was 
patent at autopsy. Of the remaining eleven 
patients, seven are alive, have not required 
amputation and have pulsating grafts twelve to 
thirty-five months postoperatively. 


TABLE Iv 
COMPLICATIONS AND RESULTS OF AORTIC BIFURCATION 
HOMOGRAFTS IN TWENTY-SIX PATIENTS 


I. Fatal postoperative complications (5): 
Acute renal failure (1 unrecognized 
dissecting aneurysm, 1 graft 


Multiple distal small artery emboli. 
Stokes-Adams attack 
Infected graft 


II. Non-fatal postoperative complications 

(8): 

Atelectasis 

Intestinal obstruction 

Oliguria 

Embolic phenomena (unilateral am- 
putation required; both aortic 
shunt grafts) 

Hemorrhage 

Wound sepsis 


III. Results (No. of patients surviving op- 
eration, 21): 

A. Patients dying since hospital 
discharge with graft intact and 
open at autopsy: 

1. Dead of serum hepatitis (5 
mo. postoperatively) 

2. Dead of myocardial infarc- 
tion (18 mo. postopera- 
tively) 

B. Patients in whom bifurcation 
grafts thrombosed partially or 
completely 3 to 11 mo. after im- 
plantation (1 died from at- 
tempted operative correction). . 

. Patients alive with pulsating 
open grafts (15): 

1. Unimproved (2 so classified 
because of unilateral em- 
bolization requiring ampu- 
tation, the other because of 
no improvement in blood 
flow to the legs) 3 

. Improved (12 to 35 mo. 


postoperatively) 12 (46%) 


The failure of equine arterial heterografts 
treated by controlled peptic proteolysis is evi- 
dent from the complications and results tabu- 
lated in Table v1. Peptic digestion to an extent 
compatible with non-alteration of the physical 
properties of equine carotid arteries did not 


make these heterografts acceptable to the 
human host. 


COMMENTS 


The experiences gained from the treatment 
of patients with major arterial disease have 


TABLE v 
COMPLICATIONS AND RESULTS OF HOMOGRAFTS USED TO 
CORRECT FEMORAL ARTERIAL OCCLUSIVE DISEASE 
IN NINETEEN PATIENTS 


I. Technic: 

A. By-pass (2 had heterograft im- 
plantation in the other extrem- 
ity) 

B. End-to-end 


Non-fatal complications in 11 pa- 
tients: 

A. Thrombophlebitis (pulmonary 
embolus in 1) 

B. Wound sepsis (1 required 
graft removal during post- 
operative period) 

C. Postoperative graft thrombo- 
sis (within 1 mo.)........... 

1. Amputation required... 

2. Peripheral blood re- 
mained improved 

3. Condition of flow un- 
changed (1 of these re- 
quired removal of graft 
for sepsis) 


III. Late complications in 12 patients: 
A. Died of cerebral vascular occlu- 
sion (6 wk. postoperatively) 
(graft patent at autopsy) 
B. Graft rupture at 3 mo. due to 


C. Late graft thrombosis 
D. Grafts open, but amputation (be- 
low-knee) required 


IV. Graft remaining open with a well func- 
tioning extremity 12 to 21 mo. post- 


operatively 7 (37%) 


indicated certain postulates which need be ob- 
served for the successful surgical treatment of 
patients with arteriosclerotic aneurysmal or 
occlusive disease of the abdominal aorta and 
the iliofemoral system. 

1. Peripheral arterial lumens adequate to 
carry blood rapidly to the distal parts are a pre- 
requisite to successful surgical attack upon 
major arterial disease. Such adequate outflow 
tracts nearly always are absent when the pa- 
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Fic. 1. Shows a postmortem specimen in which the clot 
in the distal aorta has encroached upon the opening of 
the anastomosis. The graft and aorta have been opened 
longitudinally. Adjacent to and behind the graft are 
the host iliac arteries which were partially endarterec- 
tomized to illustrate the extent of their occlusion. 


tient suffers severe rest pain, dry gangrene of 
more than a single digit or marked atrophy of 
the skin and muscles of the feet and calves. 
Existence of inadequate peripheral arteries may 
be proved by careful arteriography [3]. If the 
arterial channels distal to a major occlusion are 
shown by arteriography to be small or absent, 
arterial reconstitution should not be attempted. 
Surgical attack upon such extensive occlusive 
disease may precipitate gangrene of the ex- 
tremities by damage to the collateral blood 
supply upon which their viability depends. 
By-pass homografts inserted into the _ilio- 
femoral system likely will soon thrombose un- 
less limited to extremities with a near-normal 
popliteal artery and arterial trifurcation by 
arteriography.* 

2. When operating upon abdominal aneu- 


* Patients with localized occlusions of the external 
femoral artery with patent arterial trees above and 
below the block may develop sufficient collaterals to 
become asymptomatic. Whether or not such patients 
should undergo a surgical corrective procedure is not 
established. 


rysm associated with occlusions of the iliac 
system, the external femoral arteries and 
popliteal arterial disease, it is permissible to 
insert the iliac limbs of the aortic graft into the 
common femoral arteries if the profunda 
femoris is not diseased. Similarly, when operat- 


TABLE VI 
COMPLICATIONS AND RESULTS OF HETEROGRAFTS USED 
TO CORRECT FEMORAL ARTERY OCCLUSIVE DISEASE 
IN SIXTEEN PATIENTS 


I. Postoperative complications (8): 
B. Superficial wound sepsis (graft re- 
I 
C. Postoperative thrombosis of graft....| 6 
D. Early formation of aneurysm in graft | 1 
Il. Late complications in the remaining 9 pa- 
tients: 
8 
2 
Late formation of aneurysm in graft (1 
required amputation)............... | 6 
III. No. of patients with grafts open in a well | 
functioning extremity (18 mo. postopera- | 
ing upon abdominal aortic aneurysm with 


associated occlusions of the external iliac, 
common femoral and external femoral arteries, 
care to preserve the internal iliac arteries and 
to use them as outflow tracts from the graft 
may allow sufficient peripheral flow through 
established collateral systems to prevent post- 
operative thrombosis of the graft and gangrene 
of the extremities. 

3. Distal aortic thrombosis treated by graft- 
ing procedures which shunt blood around the 
block has been associated with postoperative 
embolic phenomena. For this reason, the resec- 
tion of the distal occluded aorta and proximal 
aortic endarterectomy when indicated best be 


done. (Fig. 1.) 


4. Occlusion of the abdominal aorta to the 
level of the renal arterial orifices is best treated 
by temporary occlusion of the renal arteries 
during proximal aortic thrombectomy or 
endarterectomy. If the precaution is not taken, 
renal infarcts, oliguria and death from anuria 
may follow renal embolization. 

5. Operations for iliofemoral occlusive dis- 
ease which require grafts 15 or more inches long 
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Arterial Grafting for Arterial Occlusive Disease 


to bridge the arterial occlusion likely will fail 
because of early thrombosis of the graft. 

6. The use of heterografts is contraindicated. 
To date, chemical alteration of heterografts [1] 
has not allowed their permanent acceptance 
by human hosts. 


Certain of the technical features of the arte- 
rial grafting procedures need to be emphasized. 

1. Digital pressure upon the aorta is ade- 
quate to prevent hemorrhage during proximal 
abdominal aortic endarterectomy. Manual 
pressure allows better exposure and obviates 
the need for an occlusive clamp upon the aorta 
proximal to the renal arteries when thrombec- 
tomy or endarterectomy of the proximal ab- 
dominal aorta is required. An occlusive clamp 
is placed well below the renal arteries after 
completion of the proximal abdominal aortic 
endarterectomy. 

2. Prior to attacking the area of arterial 
block, the site of the distal graft anastomosis in 
the host artery should be selected. The site in 
the host artery should be incised to insure ade- 
quacy of lumen and to determine the amount of 
backflow of blood from the collateral circulation 
through the distal arterial tree. Palpation alone 
of the artery chosen to receive the distal end of 
the graft may be quite misleading because the 
vessel may be resilient and soft, yet be filled 
with partially recanalized thrombus. 

3. The adequacy of the site of the distal 
arterial anastomoses is determined by: (a) 
preoperative and in questionable instances op- 
erative arteriography; (b) the degree of collat- 
eral arterial backflow of blood; when brisk and 
pulsatile, peripheral lumens are nearly always 
adequate to allow rapid blood flow through the 
graft. (c) the condition of the wall at the site 
chosen; the chief advantage of the end-to-side 
anastomosis for the distal graft connection is 
that only one wall of the vessel need be free of 
significant disease to insure a satisfactory anas- 
tomosis. In patients coming to operation for 
major arterial occlusive disease it may be 
difficult to find a major peripheral artery com- 
pletely free of arteriosclerosis in its entire 
circumference. The latter is necessary if anas- 
tomotic stricture is to be avoided in the per- 
formance of end-to-end anastomosis. 

4. After choosing the sites of distal graft 
anastomoses, the insertion of an aortic bifurca- 
tion graft should be performed in the following 
sequence: (a) anastomose distal limb of graft 
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end-to-side to distal arterial system; (b) anasto- 
mose aortic portion of the graft end-to-end to 
the host aorta after resection of its lower por- 
tion and proximal aortic endarterectomy when 
indicated; (c) cross clamp limb anastomosed in 
(a) near bifurcation of graft; (d) temporarily 
release blood flow, flushing proximal graft 
through unattached limb; (e) cross clamp un- 
attached limb and open attached limb, estab- 
lishing blood flow to one extremity; (f) perform 
end-to-side anastomosis of remaining limb of 
graft to the site in the distal arterial system 
previously selected; removal of occlusive clamps 
after completion releases blood into the remain- 
ing extremity; (g) with the application of all 
occluding clamps, inject heparin (1 mg.) imme- 
diately into the occluded artery to prevent 
clotting. 

The use of this step-wise procedure allows 
early return of blood flow to an extremity and 
avoitis, at least in part, the danger of throm- 
botic or air embolization. 

Ligation of the inferior mesenteric artery 
may be done with impunity in patients being 
operated upon for aneurysm or occlusive dis- 
ease of the aorta. Many of these arteries are 
occluded by the disease process. Possible post- 
operative colonic complications may be lessened 
by preoperative colonic preparation. 

Postoperative care of patients having aortic 
bifurcation grafts should include gastric suction 
for three to five days to avoid abdominal disten- 
tion. Intestinal ileus follows evisceration of the 
intestine and mobilization of its posterior 
attachments. 

Although aortic arterial homografts function 
well for long periods [4] when used in properly 
selected patients, it has not been proved that 
this procedure is more efficacious than endar- 
terectomy [5] for similar degrees of occlusive 
disease. Our experiences with endarterectomy 
in patients with major arterial occlusive dis- 
ease will be presented at a later time. 


SUMMARY 


1. Of twenty-six patients having aortic bi- 
furcation homografts implanted, five died post- 
operatively, four suffered late thrombosis of 
the graft and 2 died of vascular disease during 
follow-up. Fifteen patients are alive with open 
grafts. However, only twelve of these have 
significantly benefited from their operations. 
(Table tv.) 


2. Of nineteen patients having femoral 
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artery homografts implanted, postoperative 
thrombosis of the graft developed in seven, 
five had serious later complications and seven 
._ have patent, functioning grafts. (Table v.) 

3. The use of equine carotid artery treated 
by controlled peptic proteolysis as femoral 
arterial grafts in man is contraindicated. 
(Table v1.) 
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From the Thoracic and Cardiovascular Surgery Service, 
Department of Surgery, Letterman Army Hospital, San 
Francisco, California. 


pyres anomalies of the lungs and 

cardiovascular system provide the surgeon 
with many clinical problems in surgical man- 
agement. In the past ten years many case 
reports and reviews have appeared in the litera- 
ture of a congenital syndrome variously de- 
scribed as ‘Congenital Bronchopulmonary Cyst 
associated with an Anomalous Artery” [1], 
“Bronchopulmonary Sequestration”’ [3], “‘In- 
tralobar Pulmonary Sequestration” [5,9,70], 
“Intralobar Sequestration of Lung Associated 
with an Abnormal Pulmonary Artery” [35,36] 
and other titles. The syndrome has now become 
accepted as a clinical entity by surgeons and 
pathologists alike [17]. Most authors [3,5,7-9, 
32,33,35,37—39,42] re- 
fer to this dissociated mass of nonfunctioning 
pulmonary tissue and its anomalous artery as 
“‘pulmonary sequestration,” and further divide 
it into (1) extralobar and (2) intralobar types 
[35,36]. Extralobar sequestration refers to 
complete ectopia or an extra lobe, occurring 
either above or below thediaphragm. Intralobar 
sequestration, although functionally dissoci- 
ated, is incorporated within the visceral pleura 
of the affected lobe. 

The true incidence of intralobar pulmonary 
sequestration is difficult to assess. Previous to 
the operative fatalities reported by Harris and 
Lewis [23] and Bates [2], the surgical hazards 
were not appreciated and this condition was 
even overlooked at necropsy. Undoubtedly the 
rapid advance of thoracic surgery in the past 
fifteen years has been a great factor in empha- 
sizing the clinical importance of pulmonary 
sequestration. Pryce et al. [36] reported an 
incidence of six cases of intralobar pulmonary 
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sequestration in 336 pulmonary excisions (1.8 
per cent). Cole et al. [15] reported five cases 
of this abnormality in 460 thoracic explorations 
(1.1 per cent). Although bronchopulmonary 
abnormalities such as bronchiogenic cysts have 
been known for some three centuries [41], 
associated abnormalities of arteries were not 
recognized until Huber in 1777 first described 
them, to be followed by many others [2,7,8, 
18,31,35]. Harris and Lewis [23] in 1939-1940 
described the first surgical fatality resulting 
from failure to recognize the anomalous artery 
in what is believed to be the first reported case 
of pulmonary sequestration. Since then many 
surgical cases of pulmonary sequestration have 
been reported by various authors [1,3,5,7-14, 
19-21,23-20,31 —36,38,41,42]. Lemmon et al. 
[30] in 1954 estimated that ninety cases of 
intralobar bronchopulmonary sequestration had 
been reported as of that date, fifty-one of them 
since 1950. Smith [39] in March, 1956, esti- 
mated at least 100 cases in the literature. With 
this review we have found 104 cases reported. 
Undoubtedly this figure is increasing rapidly 
as more and more surgeons and radiologists are 
diagnosing pulmonary sequestration both pre- 
operatively and at the time of surgery. 


EMBRYOLOGY, ANATOMY AND PATHOGENESIS 


Several theories have been advanced to ex- 
plain the very interesting developmental aber- 
ration of intralobar bronchopulmonary seques- 
tration. Most authors concur with Pryce [35] in 
the theory of the origin of the bronchopulmo- 
nary mass and its correlation with the anoma- 
lous artery from the aorta. Beneke [9] believes 
the sequestration to be primary and the 
anomalous artery to be secondary. Cole et al. 
[15] believe there is a common developmental 
error in the cystic and vascular changes which 
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involve all the structures in the lower thoracic 
area, to include partial eventration of the dia- 
phragm, and diaphragmatic hernia. Smith 
[38, 39] favors the view that the primary lesion 
in intralobar sequestration is some failure of 
the pulmonary artery in fetal life to supply the 
segments of the lung involved. There is no 
unanimity of opinion on which is the primary 
abnormality. 

According to Pryce [35,36], Sellors and Blair 
(36], the arterial component of pulmonary 
sequestration is the primary component, and 
the bronchopulmonary mass is secondary to it 
in development. They recognize three types of 
arterial abnormality: Type 1, in which the 
anomalous artery supplies only normal lung 
tissue; Type 1 in which both normal lung and 
sequestrated tissue are supplied; and Type 11, 
in which the aberrant vessel supplies only the 
sequestrated segment. The abnormal artery is 
usually found in the region of the inferior pul- 
monary ligament, which is described as “‘the 
least accessible part of the thorax” [18,35,36]. 
The artery may, however, arise below the dia- 
phragm and come directly through its own 
hiatus to enter the involved lobe [2,3,18,19, 
23,36]. In nearly every instance the aberrant 
artery arises from the lower descending 
thoracic aorta directly above the diaphragm, or 
from the upper abdominal aorta or its main 
branches below the diaphragm [78,19,35,36]. 
Cohn and Hopeman [14], in reporting four 
cases, describe one case which appeared to be 
an upper lobe sequestration with the aberrant 
artery arising from the aorta in the vicinity of 
the left subclavian artery. In one of our cases 


the abnormal artery arose from an intercostal 


artery to supply the sequestration in the lower 
lobe. 

Pulmonary sequestration may be complete, 
in which a separate or ectopic lobe is formed 
and may be found above or below the dia- 
phragm. Its blood supply is from the aorta and 
its venous drainage is to the azygos system. 
The tissue lacks alveoli and is nonfunctional; 
this is classified as extralobar sequestration 
[8—11,18,23,35,36]. This abnormality is not fre- 
quent, is easily identified and does not pose a 
surgical problem. 

Incomplete dissociation results in intralobar 
bronchopulmonary sequestration [8-11,18,23, 
35,36] which is incorporated within the affected 
lobe. This type results in the symptoms and 
physiological aberrations which have made 
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pulmonary sequestration a clinical entity and 
a surgical problem. Intralobar sequestration 
usually occurs in the posteromedial portion of 
the lower lobe, displacing the basilar segments 
anteriorly and laterally [35,36]. The mass of 
sequestrated tissue is cystic and contains 
bronchial ramifications that do not connect 
with the normal bronchial tree (except follow- 
ing infection). The arterial component ramifies 
along the bronchial element and may join with 
the normal pulmonary artery of the adjacent 
lobe [8—11,35,36]. Venous drainage, as a rule, is 
to the pulmonary veins of the involved lobe. 
Abul-Wafa [1] reported a case in which venous 
drainage was via the intercostal veins. 

The embryology and pathogenesis of intra- 
lobar sequestration, according to Pryce [35,36], 
starts at about the 3 or 4 mm. stage of the 
embryo when the pulmonary anlage buds from 
the primitive foregut. As the lung bud develops, 
it carries with it the pulmonary vascular com- 
ponent from the splanchnic plexus and the 
postbronchial pulmonary plexus which will 
eventually unite with the pulmonary artery 
from the sixth primitive aortic arch and form 
the pulmonary arterial circulation. The rem- 
nants of the splanchnic plexus may persist and 
remain attached to bulbous tips of the bron- 
chial tree. By a process of traction, the involved 
bronchial bud is dissociated from the developing 
lung and forms the functionless sequestrated 
mass. Subsequent development results in the 
dissociated pulmonary tissue being attached to 
the normal lobe and supplied by the abnormal 
pulmonary artery. There has been some dis- 
agreement as to the histological classification - 
of the anomalous artery, but the majority agree 
with Pryce’s contention that it is pulmonary in 
type because of its elastic fibers. Bruwer, 
Clagett and McDonald [9], in an analysis of 
forty-seven cases, reported the anomalous 
artery to be on the left in twenty-one cases, on 
the right in eleven, bilateral in one and side 
unknown in fourteen. This proportion agrees 
with Pryce and the majority of others. Smith 
[39] reports 60 per cent of seventy-two cases 
being on the left side. 

Atherosclerosis is prone to develop in the 
abnormal artery, either because of oxygenated 
blood flowing through a vessel of a pulmonary 
type [8—11,35,36], or because a disuse phe- 
nomenon exists. The vessel is usually quite 
large, up to I cm. mm cross section, and may be 
very friable; it is likewise apt to retract after 
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being cut inadvertently and may therefore be 
difficult to control with resultant fatal hemor- 
rhage [18,19,23]. 

Pryce classifies the sequestrated pulmonary 
tissue into 3 types: (1) a large cyst, (2) multiple 
cysts and (3) branching bronchi and no cysts. 
The cysts are lined with respiratory epithelium 
and may contain air, amorphous, jelly-like 
material representing inspissated mucus, or 
fluid. With repeated infection, the cysts or 
bronchi may erode through and communicate 
with the bronchial passages of the normal lung. 
It is not definitely known how the sequestrated 
mass becomes infected, but it is theorized 
(8,0,35,36] to be blood-borne. Being non-func- 
tional, it does become rather easily infected 
and usually it is the history of repeated attacks 
of pneumonia along with the presence of cysts 
on x-ray that attract clinical attention to the 
condition. 


DIAGNOSIS 


The age of onset of symptoms is usually in 
the first or second decade, and surgery is per- 
formed usually by the age of thirty; a few pa- 
tients are operated upon later [8,9,36]. It is 
interesting to note that although there are now 
over 100 cases of intralobar sequestration re- 
ported in the literature, only about ten cases 
are reported among autopsy records [11]. Smith 
points out that in a collected series of 19,000 
necropsies in children under one year of age, 
intralobar pulmonary sequestration was never 
reported. It is quite likely that many cases 
could have actually been present and over- 
looked during the autopsy procedure. Con- 
sidering the few cases seen in adults at autopsy 
and the surgical incidence (1.1 to 1.8 per cent), 
it is more than likely that the diagnosis has 
been previously overlooked in infants—both 
during life and at necropsy. 

Most patients have a history of symptoms 
referable to chronic recurring respiratory infec- 
tion and are misdiagnosed as bronchiectasis, 
pneumonitis, pneumonia, empyema, lung ab- 
scess and congenital cystic disease [8—11,23,25] 
which fails to respond to antibiotics. Mannix 
and Haight [31] report a case of associated 
tuberculosis. The patient in one of our reported 
cases was previously operated upon for con- 
genital cystic disease of the lower lobe, and in 
one other case (not reported with this series) 
the patient was finally operated upon for the 
third time because of recurrent infection in a 


Pulmonary Sequestration 


cystic lower left lobe. At the third operation 
lobectomy was performed and the patient made 
an uneventful recovery. Pathological study of 
the excised lobe revealed cystic changes con- 
sistent with a diagnosis of intralobar pulmonary 
sequestration, although the aberrant vessel was 
not seen. 

There may be intermittent cough, chest pain, 
fever, chills and hemoptysis. As a result of the 
large anomalous artery, communicating with an 
equally large pulmonary venous channel, a 
conspicuous murmur may be present in associa- 
tion with the cystic changes in the lower lobe 
[1,32,40]. Clubbing of fingers may or may not 
occur with intralobar sequestration [28]. 

Bronchoscopy is usually not too helpful al- 
though it may reveal drainage of purulent 
material from the basilar segments on the 
affected side [1,0,13,31,34,36]. 

Bronchography is usually not successful in 
filling the cystic areas of the sequestrated mass, 
unless previous infection has established a com- 
munication with the normal bronchial tree 
[8,13]. In our experience, and others [5,28,31, 
32,36], bronchograms have confirmatory value 
when the cystic mass of the sequestration dis- 
places the basilar filled segments laterally and 
upward on the posteroanterior roentgenogram. 
(Fig. 1.) 

Thoracic aortography has not been used to 
any great extent in the preoperative diagnosis 
of intralobar pulmonary sequestration. There 
is a degree of risk attached to the procedure, 
and with the present day understanding of the 
clinical entity a high percentage of cases are 
being diagnosed preoperatively [1,8] by other 
diagnostic measures available to the clinician. 
Kenny and Eyler [26] reported a case of a forty- 
two year old woman complaining of backache 
in which aortography was used to differentiate 
an aneurysm from mediastinal tumor and 
sequestration of the lung; they were able to 
demonstrate the anomalous vessel of the 
sequestration. They advocate the procedure as 
a diagnostic measure when intralobar pulmo- 
nary sequestration is being considered. Jensen 
and Wolff [24] suggest that aortography in 
many instances may prove helpful. 

The chest roentgenogram is the principle 
measure in the diagnosis of intralobar pulmo- 
nary sequestration. Most of the literature 
emphasizes this point. The posteroanterior and 
lateral views will pick up most sequestrations, 
revealing either a solid mass or cystic areas. 
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Fic. 1. This bronchogram reveals the lateral and upward displacement of the basilar bronchi. 


Fic. 2. Posteroanterior view of chest reveals several large cystic areas in the left lower Iobe and fluid levels. 


Fic. 3. This posteroanterior film demonstrates several large cystic areas in the left lower lobe which were interpreted 


as multiple pulmonary lesions. 


The cystic areas may or may not have fluid 
levels in them (Figs. 2 and 3), depending upon 
whether or not the cysts communicate with the 
normal bronchial tree [9]. Mass screening 
procedures and routine films in young people 


should enable many cases to be diagnosed in 
the quiescent phase before they become clini- 
cally active [5,11,16,17,36]. Cystic disease in 
the lower lobe of any patient, particularly in 
young patients and on the left side, should 
make one highly suspicious of intralobar pul- 
monary sequestration. 


PITFALLS 


If the surgeon is thinking of intralobar se- 
questration, the diagnosis is not difficult to 
make at surgery, particularly if he identifies 
the anomalous artery entering the involved 
lobe. As already pointed out, the unsuspected 
presence of the anomalous artery in the first 
case report of Harris resulted in a fatality. 
Batts [2] in 1938 described a case of intra- 
lobar sequestration associated with a large 
artery coming from the celiac axis encountered 
in routine dissection of cadavers; he commented 
on the obvious surgical importance of such a 
condition. Batts further observed that the area 
of lung supplied by the accessory pulmonary 
artery was non-functioning tissue. It is not 
uncommon now for surgeons to make the 
diagnosis preoperatively [3,9,13,36], although 


in many instances the surgeon operates for 
cystic disease, bronchiectasis, lung abscess, 
empyema, atelectasis or an undiagnosed lower 
lung parenchymal mass. Findlay and Maier [18] 
recommend the pulmonary artery be evaluated 
for size at the time of surgery. If it is smaller 
than normal, there may be an anomalous vessel 
supplying the lung. Anomalous arteries are 
usually large and well defined. However, they 
may be small, tortuous and surrounded by 
adhesions, and therefore all sizable adhesions 
should be divided between clamps or ligatures 
[18]. Findlay and Maier had two deaths as a 
result of hemorrhage following transection of 
anomalous arteries. 

The sequestrated pulmonary tissue has a 
characteristic redundant or doughy feel and 
commonly appears to involve the postero-in- 
ferior portion of the lower lobe. Softened cystic 
areas may be palpable. When freeing the 
lobe from adhesions these cysts may be inad- 
vertently entered and the thick yellow or gray, 
gelatinous, “pudding-like” contents drained. 
On inflating the lung, the sequestrated portion 
usually remains atelectatic. The surgeon should 
look for both single or multiple aberrant pul- 
monary arteries [3]. Although they will char- 
acteristically be found within the inferior 
pulmonary ligament, they may arise from 
the aorta below the’'diaphragm and enter 
the lung through a separate hiatus in the dia- 
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phragm or from other vessels in the thorax 
[2,18-20,23,24,35,36]. The aberrant arteries 
may be long or short, single or multiple, and 
may vary in diameter from 4 to 10 mm. [3,5, 
8,9,18,35,36]. Communications between nor- 
mal and aberrant pulmonary vessels may result 
in an A-V fistula and pulmonary hypertension 
[1,2,5,18,21]. 


TREATMENT 


All authors are agreed that the treatment of 
choice is surgical excision on the intralobar 
type of pulmonary sequestration. The extralo- 
bar type is not functional, isolated from the rest 
of the lung and does not pose a surgical prob- 
lem [36]. Whereas most authors [3,7-12,14,17, 
18,23,31,35,36| favor lobectomy, it is feasible 
to separate the dissociated, sequestrated por- 
tion from the normal lung, as was done in one 
of our cases. Usually infection and cystic de- 
generation make this “‘sheiling procedure 
impractical, and lobectomy gives a much 
cleaner resection. Findlay and Maier [18] think 
segmental resection of pulmonary sequestration 
could be dangerous because of anastomatic 
connections between the anomalous and nor- 
mal pulmonary artery systems; they favor 
lobectomy. 

In one of our reported cases and in one addi- 
tional case suspected of being intralobar se- 
questration, multiple thoracotomies were per- 
formed for excision of congenital cystic areas. 
In each case there were recurrent symptoms 
from infection, and ultimately lobectomy was 
necessary. We believe that unless there is a 
question of minimum pulmonary reserve, 
lobectomy rather than partial resection should 
be performed in all cases of intralobar pulmo- 
nary sequestration. Certain cases diagnosed 
early before infection has developed may Iend 
themselves to a clean segmental resection of 
the sequestrated portion. 

With earlier diagnosis, particularly in child- 
hood, before symptoms of infection have oc- 
curred, the question arises as to whether or not 
surgical excision should be performed as an 
elective procedure. Certainly such cases, once 
diagnosed, should be followed closely. One 
serious attack of pneumonitis in the involved 
lobe would appear to be justification enough 
to warrant surgical treatment. Diagnosis in 
patients in the second and third decades usually 
reveals such a history. After bouts of infection 
have taken place pneumonectomy and thoraco- 
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plasty may be required for empyema [36]. The 
morbidity and mortality is definitely increased 
after infection of the sequestrated pulmonary 
mass has occurred. 


CASE REPORTS 


Case 1. A six year old white girl was seen 
on November 24, 1952, because of an acute 
upper respiratory infection. Physical examina- 
tion at that time revealed rales at the left base 
of the lung, so an x-ray of the chest was taken. 
A cavity was seen at the left base. The child 
had a normal birth and growth history. No 
additional information was gained from routine 
laboratory procedures. 

On January 29, 1953, left thoracotomy 
showed the posterior basal segments of the 
lung to be involved in the sequestration. Two 
large arteries, each about 3 mm. in diameter, 
entered the involved segment through the 
pulmonary ligament and apparently arose be- 
low the diaphragm. The venous drainage was 
normal. 

The child recovered easily from the resection 
and has remained well. 


Case u. A twenty-five year old white 
woman was admitted to the hospital on Decem- 
ber 21, 1955, as a transfer patient with a diagno- 
sis of lung abscess, left lower lobe. A non- 
productive cough had developed in June, 1954, 
and she was treated by a private doctor for 
bronchitis. Later she was treated for virus 
pneumonia. Films taken on June 28, 1954, 
showed residual infiltration in the posterior 
basilar segment of the left lower lobe. On 
September 20, 1955, she had entered a hospital 
with a complaint of cough, chest pains and the 
feeling of pressure in the left side of her chest. 
X-rays again revealed the infiltration. She was 
treated with aureomycin® with only partial 
resolution of the infiltration. Bronchoscopy and 
bronchography were carried out and the pa- 
tient was told that the dye did not enter the 
bronchus in the left lower lobe. Her cough 
became worse and productive. X-rays on 
December 1, 1955, showed a consolidation in 
the left posterior basilar segment with sugges- 
tion of cavitation. For this she was transferred 
to Letterman Army Hospital. 

On admission her temperature was 98.6°F. 
and there was slight dullness to percussion and 
auscultation in the left base posteriorly; other- 
wise her physical examination was normal. 
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INTRALOBAR SEQUESTRATED 
PORTION OF LOWER LOGE 


Lune 


Fic. 4. This demonstrates the large aberrant artery emerging from the lower thoracic 
aorta just above the diaphragm and entering the sequestrated portion of the left lower 


lobe. 


Chest x-ray study showed several radiolucent 
areas with fluid levels close to the diaphragm 
posteriorly in the left side of the chest. (Fig. 2.) 
Left thoracotomy was performed on January 
19, 1956, and a sequestration in the left lower 
lobe was found. Its blood supply was seen to 
be a large artery arising from the lower end of 
the thoracic aorta. (Fig. 4.) This artery was 
contained within the inferior pulmonary liga- 
ment. The patient’s postoperative course was 
uncomplicated and she was discharged to her 
own care on January 27, 1956. 


Casein. A twenty-four year old white man 
entered the hospital on July 11, 1956. On June 
16th he had begun coughing up small amounts 
of sputum streaked with dark blood. He was 
otherwise asymptomatic and had been afebrile. 
X-rays taken in June had been diagnosed as 
multiple small pulmonary abscesses in the left 
lower lobe. (Fig. 3.) He was treated with 
penicillin and terramycin.® This treatment 
was ineffective. Sputum samples were negative 
for tuberculosis. Skin tests for tuberculosis, 
coccidioidomycosis and histoplasmosis were 
negative. His entire physical examination was 
within normal limits. On July 23, 1956, bron- 


choscopy was carried out with no abnormalities 
noted. Bronchography revealed upward and 
lateral displacement of the basilar bronchi. 
(Fig. 1.) On July 31st left thoracotomy was 
performed and a sequestered cystic segment 
was resected from the posterior basal area of the 
left lower lobe. A large artery measuring up to 
7 mm. in diameter was found to extend into 
this sequestered segment directly from the 
thoracic aorta approximately 1 inch above the 
diaphragm. On section of the specimen, a dis- 
torted bronchial system connecting with cysts 
was found within the segment, but there was 
no connection with the major bronchial tree. 
The patient’s postoperative course was un- 
eventful, and he was discharged to duty on 
September 25, 1956. 


Case Iv. A thirty-nine year old white man 
was admitted to the hospital on July 24, 1956, 
with symptoms of right lower lobe pneumonitis. 
He had been well until the night of July 19th 
when he awakened with chills, fever and profuse 
sweating. These symptoms increased in sever- 
ity to the time of admission. In 1954 the patient 
had been treated at another hospital with 
simple excision of cystic disease of the right 
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lower lobe. The patient remained asympto- 
matic following the surgery until his present 
admission. 

Bronchoscopy was non-revealing. Broncho- 
grams revealed minimal bronchiectasis of the 
basilar segments of the right lower lobe. His 
symptoms of pneumonitis persisted. Tomo- 
grams were made which revealed cystic areas 
in the right lower lobe. Surgery was recom- 
mended, and on August 31, 1956, right thora- 
cotomy was performed. The right lower lobe 
was found to be densely adherent to the 
parietal pleura, to the diaphragm and to the 
upper and middle lobes. While freeing these 
adhesions, the patient went into severe shock 
and the operation was terminated after dividing 
the adhesions. On September 14th the right 
thoracotomy was repeated and at that time 
lower lobectomy was performed. A particularly 
thick, dense adhesion was encountered and 
biopsied; the pathologic report showed smooth 
muscle consistent with a sizable artery. This 
was thought to have originated from one of the 
intercostal vessels. Examination of the speci- 
men of the right lower lobe showed an anoma- 
lous bronchial connection, one of whose 
branches connected with the right middle lobe. 
The other branch coursed inferiorly toward the 
medial basilar segment for approximately 2 cm. 
It was found to have no connection with the 
bronchi of this segment. The superior seg- 
mental bronchus was found to be connected 
normally. The rudimentary bronchi in the 
basilar segment was found to end in sacular, 
mucopurulent-filled, cystic structures. Follow- 
ing lobectomy, the patient made an uneventful 
recovery and was discharged to his own care 
on September 27, 1956. 


COMMENTS 


The relatively large number of cases of intra- 
lobar pulmonary sequestration reported in the 
literature since 1940, and particularly so since 
1950, indicates that the condition has become 
accepted as a definite clinical and pathological 
entity [9,35,36]. Being of developmental origin 
its embryological association with diaphrag- 
matic hernia [9,15] gives the condition addi- 
tional importance with the increasing trend of 
repairing diaphragmatic (hiatal) hernia from 
above. When recognized and removed early, 
before infection and its complications have 
occurred, the morbidity and mortality should 
not be much more than that of exploratory 
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thoracotomy. Resection of the sequestrated 
portion can be accomplished in conjunction 
with repair of the diaphragmatic hernia. 

In the future more cases should be diagnosed 
in children, even under one year of age. We 
believe with Pryce [35,36] that the cystic 
changes in the sequestrated lung tissue are 
secondary to the anomalous artery, the basic 
elements of which are all present before birth. 
Subsequent bronchial budding after birth, as 
pointed out by Smith [39], may contribute to 
the pathological picture. More careful atten- 
tion to anatomical dissection of structures 
around the diaphragm and pulmonary ligament 
during necropsy and a more complete evalua- 
tion of congenital cystic disease of the lung in 
children under one year of age will probably 
disprove the theory of Smith [39], Boyd [5] 
and others that intralobar sequestration is not 
found under one year of age. 

Bronchograms are being utilized more fre- 
quently now as a diagnostic aid in the study of 
diseases of the chest. Our experience with 
bronchography has been similar to that re- 
ported by others [5,8,13,28,31,32,36]. Usually, 
“interpretation in retrospect” reveals some 
displacement anteriorly and laterally of the 
basilar segments of the involved lobe. In the 
routine interpretation of bronchograms special 
attention should be given to any suggestion 
of such displacement, particularly if there is 
evidence of cystic disease or homogenous 
shadow in the cardiophrenic angle on the 
posteroanterior roentgenogram. Occasionally 
there may be evidence of partial filling of the 
basilar cystic areas by the contrast medium; 
this does not rule out sequestration since com- 
munication between the sequestration and 
normal bronchi may result from past infectious 
processes. 


SUMMARY 


1. The English literature on the subject of 
pulmonary sequestration has been reviewed. 
Current opinions of etiology, pathogenesis, 
diagnosis and treatment have been presented. 

2. Four cases of intralobar pulmonary se- 
questration are reported. One of these cases 
has been previously reported in another 
paper [74]. 

3. More careful attention should be given 
preoperatively to the symptoms and roent- 
genological findings which are characteristic of 
intralobar pulmonary sequestration. 
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4. At surgery, special attention should be 
given to dissection in the vicinity of the inferior 
pulmonary ligament and. the diaphragmatic 
surface of the lower lobe with a view to identi- 
fication of aberrant vessels arising from the 
aorta. These should be carefully ligated before 
cutting. 

5. The incidence of intralobar pulmonary 
sequestration has not become established. It 
is more frequent than was previously thought 
to be the case. Being a developmental anomaly 
it may be found in association with other 
congenital aberrations of the diaphragm. 

6. Intralobar pulmonary sequestration is a 
definite surgical entity. 
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Critical Evaluation of Aspiration Biopsy in 
the Diagnosis of Tumours of the Thyroid 


WitTo_p RupowskI, M.D., Warsaw, Poland 


From the Department of Pathology, Warsaw Institute of 

Oncology and from the Central Out-Patients Clinic for 

Thyroid Diseases, Warsaw, Poland. 

i ses precise and immediate diagnosis is of 
the utmost importance in cases of neo- 

plasms of the thyroid gland. 

The experience of many authors (as well as 
my own) of the Warsaw Institute of Oncology 
proves that in many cases clinical symptoms 
are not sufficient for the establishment of a 
diagnosis. The majority of patients do not 
present signs facilitating the clinical differ- 
entiation between malignancy and _ benign 
tumours. Even in specialized clinics where 
there are many cases of tumours of the thyroid 
(e.g., Crile’s clinic in Cleveland), the pre- 
operative diagnosis of carcinoma of the thyroid 
was established in 14 per cent of cases, whereas 
in 69 per cent the tumour was not diagnosed 
during the operation but rather as a result of 
the histological examination of the surgical 
specimen. It is possible that such a low per- 
centage of preoperative precise diagnoses, as 
noted in the medical literature, results from the 
little interest of clinicians in the differentiation 
of tumours of the thyroid gland since it does 
not influence the clinical management of cases. 

Many surgical departments, including the 
Oncological Institute in Warsaw, advise the 
removal of every thyroid tumour irrespective 
of its size, duration and the age of the patient. 
The aim of such an approach is the prophylaxis 
of cancer or the treatment of the already 
existing malignant neoplasm. These tactics, 
however, would be advisable only for surgeons 
who employ extensive excision of the tumour 
together with its surrounding glandular tissue 
as a routine procedure, or the removal of the 
whole thyroid lobe with the tumour. 

However, since many surgeons do not accept 
the necessity of removing every palpable thy- 
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roid tumour with a large margin of normal 
tissue, the establishment of a preoperative diag- 
nosis becomes a problem of great importance. 

The only criterion for the proper diagnosis is 
the result of histological examination of the 
material taken from the palpable induration or 
tumour of the thyroid. For several years we 
have used a method of aspiration biopsy, called 
oligobiopsy by Laskowski (1949) [5], to obtain 
the tissue material from the thyroid gland. 
This paper presents a critical evaluation of 
diagnostic possibilities obtained by oligobiopsy 
in cases of thyroid tumours. 

Oligobiopsy is based on the histological 
evaluation of a very scarce material taken by 
means of a large needle by puncture and aspira- 
tion. This method has long been well known 
and its technical aspects were perfected by 
Martin and Ellis (1930) [6]. We perform this 
manipulation with the patient under local 
anaesthesia with 1 per cent procaine by using a 
large needle and a 20 cc. syringe. After punctur- 
ing the palpable induration or tumour, we 
produce negative pressure in the syringe, turn- 
ing at the same time with a screw-like motion 
in order to cut out the fragment of tissue more 
precisely. The negative pressure produced dur- 
ing the removal of the needle facilitates the 
collection of more copious tissue material. In 
our work we did not use the drill biopsy (Chris- 
tiansen, 1940 [1]) or the so-called “punch 
biopsy” (Hoffman, 1931 [4]) since the former 
method requires the incision of the skin repudi- 
ated by patients, especially younger women, 
and the latter produces a more important 
trauma to the tissues than does the aspiration 
biopsy. This fact is not without consequences 
for further progress of the neoplastic disease. 
The tissue fragments collected from the needle, 
the walls of the syringe and the syringe piston 
are put into 95 per cent alcohol, and in the 
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usual way passaged until they are embedded 
in paraffin. Serial slides from the paraffin 
block are stained with hematoxylin and eosin. 
Thus, in the technical preparation of the 
obtained material, the usual histological meth- 
ods were used, which resulted in easier in- 
terpretation and more dependable pictures. 
The crushing of the tissue fragment between 
two glasses is contraindicated (Laskowski, 
1949) since the corresponding cellular pictures 
become artificial and strange for the histologist 
and do not provide information on the tissue 
structure. It is difficult to make a diagnosis 
from a little fragment of tissue. It requires a 
long experience, a thorough knowledge of the 
patient’s clinical course and sometimes a 
personal examination of the patient. 

The experience of the Oncological Clinic, so 
far, proves that the microscopical evaluation 
of the oligobioptic material may have a definite 
or relative value for the diagnosis. In some 
cases the structure of the tissue is so charac- 
teristic that the diagnosis can be established 
without any additional examinations. In 
pictures with relative value, morphological 
characteristics of the tissue are not sufficiently 
distinctive, and the diagnosis cannot depend 
solely on tissue structure but must corroborate 
microscopical findings by clinical data. This 
type of diagnosis could be called confrontative, 
and has the aspects of the teamwork of clinician 
and pathologist. According to Laskowski’s in- 
vestigations (1949) on the oligobioptic material 
from different organs and tissues, the histo- 
logical diagnosis may be divided into three 
groups: (1) definite diagnosis exactly defining 
the character of the tumour, the grade of 
malignancy and even the radiosensitivity of 
the tumour, (2) tentative diagnosis which is 
not precise but informs the clinician of the 
character of the disease, and (3) negative diag- 
nosis. In this group of patients the diagnosis 
cannot be made because of either the absence 
of significant tissue or cells, or damage of the 
material during manipulations. In a large per- 
centage of cases the surgeon is responsible for 
the negative diagnosis. Technically the proce- 
dure is simple, although it requires some ex- 
perience, influencing the percentage of definite 
diagnoses based on the examination of the 
oligobioptic material. 

In the Central Out-Patients Clinic for Thy- 
roid Diseases in Warsaw the aspiration bi- 
opsy was a routine procedure in cases of the 
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tumours of the thyroid. This method brings 
the precise diagnosis preoperatively, provided 
that (1) the size of tumour is sufficiently large 
(diameter not less than 1 cm.), (2) the tumour 
is not exceedingly hard, and (3) the tumour is 
of a rather uniform structure. Under such 
conditions and with the adequate technic of 
aspiration biopsy it is possible to obtain the 
tissue material sufficient to define the char- 
acter of the tumour and the grade of its 
malignancy. 

In our opinion oligobiopsy in cases of thy- 
roid tumours has the following advantages: (1) 
It facilitates the differentiation between the 
cystic formations and the neoplasm of the 
thyroid. The presence of a yellow or brownish 
fluid in the aspirated material without cellular 
elements, sometimes with deposits of hemo- 
siderine and macrophages, is a common sign 
of the thyroid cyst. In some such cases the 
puncture is not only a diagnostic manipulation 
but a therapeutic one as well. Owing to the 
fact that thyroid cysts are sometimes deprived 
of the epithelial layer, the emptying of their 
contents often results in the regression of the 
cyst. (2) It provides the opportunity to select 
patients with thyroid tumours in order that 
priority of admission is given to patients with 
malignant tumours. (3) In a large percentage of 
cases the microscopic evaluation of oligobioptic 
material facilitates the choice of the method of 
treatment (extension of operative intervention, 
recognition of radiosensitivity). (4) Trauma to 
the tumour is relatively small and in our 
experience the obvious stimulation of the 
dynamics of the growth was not observed. (5) 
Oligobiopsy is a technically simple manipula- 
tion, feasible in patients who are ambulatory; 
it does not delay the operative treatment as 
does the diagnostic excision (especially when 
suppuration occurs). We did not notice any 
complications after »aspiration biopsy. In a 
small percentage of cases we have seen small 
hematoma in the region of puncture, which 
as a rule disappeared in a few days. 

Recently Crile [2], in making a plea for the 
preservation of rules for the treatment of 
cellular aseptis, called attention to a danger of 
dissemination of papillary carcinoma of the 
thyroid after the puncture or biopsy. This 
author presents cases of papillary carcinoma 
in which he observed stimulation of the growth 
of tumour, remote metastases and implantation 
of the cancer cells into muscles and skin along 
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Fic. 1. Aspiration biopsy revealing papillary, partially solid (left upper corner) carcinoma of the thyroid (low power). 


Fic. 2. Hiirthle cell tumour. Acidophylic large cells with pycnotic nuclei arranged predominantly in columns, In 
some areas follicle formation is visible (aspiration biopsy, low power). 


Fic. 3. Photomicrograph of the trabecular adenoma (oligobiopsy, low power). 


Fic. 4. The structure of polymorphocellular anaplastic carcinoma. The material obtained by aspiration biopsy 


(low power). 


the canal of puncture. Our experience does not 
confirm these dangers. So far, in none of the 
observed cases of malignant neoplasms of the 
thyroid gland (twenty malignant papillary 
adenomas, five malignant follicular adenomas 
and nineteen anaplastic thyrogenic carcinomas) 
did we notice the inoculation of neoplastic 
tissue in the canal of the puncture or any 
noticeable stimulation of growths or dissemina- 
tion of the tumour. Undoubtedly ‘such com- 
plications, distinctly lessening the chances of 
patients, are liable to occur after the biopsy, 
not immediately followed with adequate treat- 
ment. In such conditions the biopsy becomes a 
harmful procedure since it results in breaking 
the tumour capsule and in a wide opening of 
the lymphatic and blood vessels, thus facilitat- 
ing progress of the neoplastic process. In cases 
in which oligobiopsy is negative, we advocate 
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operative treatment, including wide exposure 
of the thyroid gland and intraoperative micro- 
scopic verification. 

In order to evaluate the diagnostic possi- 
bilities of oligobiopsy in tumours of the thyroid 
the microscopical reports were reviewed in 
150 cases. A definite diagnosis was obtained in 
seventy-four cases (49 per cent). In this group 
the microscopic examination of oligobioptic 
material disclosed the character of the neo- 
plasm, the grade of malignancy and in some 
cases the radiosensitivity of the tumour. 

Following are the microscopical diagnoses 
of the oligobiopsy material from the Warsaw 
Institute of Oncology: 


1. Benign tumours: 


Adenoma 
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2. Malignant tumours: 


Malignant papillary 
adenoma........ 21 
a. Differentiated Malignant follicular 
adenoma........ 6 
b. Less differentiated 
Anaplastic........: 19 


Among the anaplastic carcinomas the detailed 
microscopical diagnosis by examination of the 
oligobioptic material was, for example, giant 
cell carcinoma, spindle cell carcinoma, poly- 
morphocellular carcinoma, etc. In the remain- 
ing four cases the diagnosis disclosed a non- 
neoplastic process, such as chronic thyroiditis. 
(Figs. 1 and 2.) Tentative diagnosis was 
obtained in fifty cases, (33.3 per cent). In this 
group the pathologist gave morphological char- 
acteristics of tissues removed by aspiration 
biopsy and advanced the tentative diagnosis of: 
follicular adenoma twenty-eight, papillary 
malignant adenoma three, Hiirthle cell ade- 
noma one, malignant neoplasm three, and cyst 
of the thyroglossal duct two. (Figs. 3 and 4.) 

It must be emphasized, that in two cases in 
which the pathologist suspected a malignant 
neoplasm, the examination of operative mate- 
rial revealed papillary carcinoma with a 
malignant course. In these cases, because oligo- 
biopsy was performed, the operation was 
adequately extensive. The tentative histologi- 
cal diagnosis conformed to the clinical findings 
in almost all cases. 

In thirteen cases the pathologist was unable 
to discover neoplastic tissue in the microscopi- 
cal picture or was in a position to exclude the 
neoplastic process. The tentative microscopical 
diagnoses were confirmed by serial examina- 
tions of the operative material and confronted 
with the clinical data and the course of the 
disease. Negative diagnoses took place in 
twenty-three cases (15.3 per cent). In this 
series of examinations either no adequate 
material was obtained or the tissue fragment 
was damaged during manipulations which 
resulted in being insufficient for interpretation. 
The most common causes of the negative 
diagnosis were: (1) difficulties in acquiring the 
tissue material caused by small dimensions of 
the tumour, and (2) not puncturing the tumour 
but the surrounding tissues with a subsequent 
aspiration of the material from a wrong place, 
or the obturation of the needle. 

Moreover, thyroid tissue was obtained in 
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nine cases and the pathologist was unable to 
decide whether it was a highly differentiated 
tumour or a normal thyroid gland. 

An erroneous diagnosis was made in three 
cases (2 per cent) in which the neoplastic tissue 
was not found in the oligobioptic material, 


TABLE I 
RESULTS OF OLIGOBIOPTIC EXAMINATIONS IN 150 CASES 
OF THYROID TUMOURS 


Diagnosis No. of Cases} Percentage 
3 2.0 


whereas in the specimen, a malignant neoplasm 
was disclosed. In the nodular goiter of one 
patient a small non-encapsulated sclerosing 
tumour (Graham type) was noted; in the 
remaining patients papillary adenoma and 
thyrogenic carcinoma were found. These 
tumours presented a high grade of differentia- 
tion and it was impossible to state malignancy 
in small fragments of tissue. 

Results of the oligobioptic examinations in 
150 cases of thyroid tumours is seen in Table 1. 


SUMMARY AND CONCLUSIONS 


1. Aspiration biopsy is a diagnostic method 
in which it is possible to obtain in 80 per cent 
of cases of thyroid tumours the definite or 
tentative diagnosis. 

2. Definite histological diagnosis can be 
made in tumours of adequate size and homo- 
genic structure. To obtain positive results a 
proper technic of aspiration biopsy and wide 
experience of the pathologist evaluating the 
microscopical slides are essential. 

3. In the majority of cases aspiration biopsy 
facilitates the selection of patients and the 
choice of optimal therapeutic method. 

4. Aspiration biopsy is a manipulation that 
can be easily performed in ambulatory patients, 
without a risk of subsequent complications and 
not increasing the dynamics of neoplastic 
process, provided that the adequate treatment 
commences immediately after the establish- 
ment of a diagnosis. 
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Carcinoma of the Thyroid 


REVIEW OF SIXTY-FOUR CASES 


Mayor Jack B. JAY, M.C., U.S.A.F., Scott Air Force Base, Illinois, Mason BiLtie G. STREETE, M.C., 
U.S.A.F.* AND Cot. RoBEerT T. GANTS, M.C., U.S.A., Fort Bliss, Texas 


is greater lack of standardization in 
the surgical treatment of carcinoma of the 
thyroid than in any other malignancy. The 
management recommended by some surgeons 
for thyroid malignancy would be totally unac- 
ceptable, for instance, if applied to the colon 


TABLE 1 
INCIDENCE OF CARCINOMA OF THE THYROID ACCORDING 
TO AGE 
Age (yr.) No. of Cases 
I-15 2 
16-30 39 
31-76 23 


or breast. Since the report on 301 cases by 
Frazell and Foote [1] in 1949, in which a rather 
high mortality rate was shown, a new concept 
of treatment has been instituted at Walter 
Reed Army Hospital. Our report covers the 
period from February, 1945 to December, 1953 
and includes sixty-four cases of cancer of the 
thyroid. No attempt will be made to report 
survival rates for it is believed that only a ten- 
or a fifteen-year survival rate is of clinical sig- 
nificance. It is of interest, however, that three 
patients reported on in this group died of this 
disease. 


AGE AND SEX 


It is well established that carcinoma of the 
thyroid is a disease of the young and is pre- 
dominant among females. Although twice as 
many males were admitted to this installation 
during the study period, thirty of sixty-four 
patients with thyroid malignancy were females. 


The incidence in this series has been broken 
down into three age groups: one to fifteen years, 
sixteen to thirty, and thirty-one to seventy-six. 
(Table 1.) There were two, thirty-nine and 
twenty-three patients in these groups respec- 
tively. The youngest patient was eleven years 


TABLE II 
TYPE OF CARCINOMA OF THE THYROID IN TEN PATIENTS 
OVER FORTY YEARS OF AGE IN THIS SERIES 


Type No. of Cases 
Papillary 5 


old, the oldest, seventy-six. It was found in this 
series that papillary carcinoma was the most 
common malignancy of the thyroid in all three 
age groups, but is less marked in the latter age 
group. Crile [2] emphasized that thyroid malig- 
nancy in the older age group is of a more malig- 
nant type. This report substantiates Crile’s 
findings. The type of malignancy encountered 
in the ten oldest patients in this series, all of 
whom were over forty years of age, is shown in 
Table 11. Because the more malignant tumors 
are found in elderly people, the prognosis is far 
poorer in this group. Two of three deaths in 
this series were in the older group. It has been 
shown that most thyroid nodules in children 
are malignant [3]. 


CLINICAL FINDINGS 


The clinical significance of the solitary nodule 
of the thyroid, as an index to malignancy, has 
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been stressed by many surgeons. The reported 
incidence of carcinoma varies, however, from 
author to author [4-8], but averages about 
15 per cent (Table 111). Sokal [9] takes issue 
with these statements on the grounds that these 
figures are not representative of the general 
population, because of the natural selection of 


TABLE Ill 
INCIDENCE OF CARCINOMA IN CLINICALLY SOLITARY 
NODULES OF THE THYROID GLAND 


Authors No. of Cases| Per cent 
Anglem and Bradford [4]... . 33 9 
236 12 
22 24 
Come fal, [zz], [za]. ...... 24 24.5 

TABLE IV 
INITIAL CLINICAL FINDINGS 
No. 
Physical Findings of bie 
Cases 
Solitary nodule in the thyroid......... 25 39 
Multiple nodules in the thyroid........ ° ° 
Unilateral cervical mass.............. 24 37 
Bilateral cervical masses.............. 3 4 
Solitary nodule in the thyroid with uni- 
lateral cervical mass................ II 17 

Distant bone or visceral metastasis... .. I I 


preoperative cases in nodular goiter. However, 
these figures represent a practical working basis 
for the treatment of the patient with a non- 
toxic, nodular goiter when he enters the clinic 
or hospital. The physical findings and symp- 
tomatology of early carcinoma of the thyroid 
are so vague (indeed at times non-existent) 
that one needs some working basis for selection 
of cases for operation. Thirty-six of the sixty- 
four patients (46 per cent) in this series had 
clinically solitary nodules, either in the thyroid 
alone, or associated with cervical metastasis. 
It has been pointed out by other authors that 
most of the cases of multinodular thyroids 
carry a much lower incidence of carcinoma. In 
this series, none of the sixty-four patients had 
clinical findings of multiple nodules in the 
thyroid gland. (Table tv.) Three of the sixty- 
four patients, when first seen, had bilateral 
cervical metastases. On admission, 58 per cent 
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of the patients in this series had cervical 
metastases. 


DURATION OF SYMPTOMS PRIOR TO INITIAL_ 
THERAPY 


The period of time which elapses between 
the onset of the initial symptoms and the in- 


TABLE v 
DURATION OF SYMPTOMS PRIOR TO INITIAL THERAPY 
Duration of Symptoms (yr.) No. of Cases 


TABLE VI 
PATHOLOGIC CLASSIFICATION OF SIXTY-FOUR CASES OF 
CARCINOMA OF THE THYROID 


Classification No. of Cases 
3 


stitution of therapy has also been broken down 
into three periods. (Table v.) There were 
thirteen patients (20 per cent) who were not 
aware of thyroid or cervical node enlargement. 
This demonstrates and emphasizes the impor- 
tance of proper examination of the neck in all 
routine physical examinations even though 
there are no symptoms referable to the thyroid. 
Approximately 1 per cent of cases of hyper- 
thyroidism are associated with thyroid malig- 
nancy. Only one of the sixty-four patients in 
this series had toxic symptoms. These were 
questionable and probably existed on a psycho- 
genic basis. The rapidly growing lesions of the 
thyroid should be regarded with greater sus- 
picion than the slowly growing or stationary 
ones. Such rapidly growing lesions are most 
commonly seen in the oldest age group, and are 
usually of the more malignant type. 


PATHOLOGY 


The pathologic diagnosis in this series, in 
general, follows Warren’s [10] classification. 
(Table vi.) Papillary carcinoma is the most 
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Fic. 1A. A field showing lymph node with metastatic 
carcinoma of the thyroid. Original magnification X 50. 


common type in all age groups. The percentage, 
however, is lower in the older age group. Pure 
papillary or follicular carcinoma is rare, usually 
a mixture of both components exists, with a 
predominance of one. 

We believe that metastases do occur from 
metastatic lesions even though the original 
lesion has been removed. By way of proof, we 
offer a photomicrograph of a lymph node con- 
taining metastatic papillary carcinoma, which 
is seen extending into a large vein (Fig. 1A, 
B and C.)* Thus, we consider that it is neces- 
sary to perform a radical neck dissection to 
remove cervical metastases. 

The once benign lateral aberrant thyroid is 
now regarded differently [11]. It has been well 
established that this represents metastatic 
thyroid malignancy, and if the thyroid is ex- 
amined thoroughly, the primary lesion will 
certainly be found. In no instance, in this series, 
did we find cervical metastasis without primary 
carcinoma of the thyroid. It should be empha- 
sized, however, that the presence of ectopic 
thyroid tissue immediately adjacent to the 
thyroid gland in the neck is not unusual and is 
often found in patients who have had previous 
thyroid surgery. These are secondary to sur- 
gery and it is believed that they are tissue im- 
plants since they are not found in lymph nodes. 

The recurrent laryngeal nerves were seldom 
involved by papillary or follicular carcinoma 
since spread in these types is usually to indi- 
vidual lymph nodes and/or through the blood 


* Courtesy, Dr. Theodore Winship, Washington, 
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Fic. 1B. Field near that seen in Figure 1A showing vein 
wall and adjacent metastatic carcinoma of the thyroid. 
Original magnification X 50. 


Fic. 1C. Vein wall is seen with adjacent thyroid follicles 
and protrusion into lumen of the vein. Original magnifi- 
cation X 23. 


stream. Occasionally, however, these nerves 
were involved by direct extension from the 
thyroid gland. 


TREATMENT 


The most controversial point in the treat- 
ment of thyroid malignancy concerns the 
amount of surgery necessary to cure the dis- 
ease. This decision, of course, varies greatly 
from clinic to clinic. In this country there are, 
in general, three methods of managing this 
problem. One group of surgeons who are of the 
opinion that papillary or follicular thyroid car- 
cinoma in a young patient is a benign disease 
[12] advocate minimal and repeated surgical 
procedures when there are recurrences. They 
also believe that non-papillary malignancy of 
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the thyroid in the oldest age group carries a 
very poor prognosis, regardless of the amount 
of surgery performed. It is of interest to note 
here that we recently operated upon two pa- 
tients, in their twenties, who had mixed papil- 
lary and follicular carcinoma of the thyroid 
with bilateral cervical lymph node metastasis, 
and invasion of the esophagus by direct exten- 
sion. A second approach is utilized by those 
surgeons who treat malignancy by the patho- 
logical classification. Cattell [13] states that a 
report of follicular type malignancy of the 
thyroid, is in itself sufficient reason for the 
surgeon to proceed with the radical neck dis- 
section on the involved side. However, it is of 
interest to note that although the primary 
thyroid lesion might be papillary adenocar- 
cinoma, many of the lymph node metastases 
have been shown to be of a follicular type. The 
third method of surgical treatment is employed 
by those surgeons who regard all malignancies 
of the thyroid as cancer, and therefore, are 
much more radical in their handling of this 
disease. Early in our series, the treatment was 
chiefly that of lobectomy, or subtotal thyroidec- 
tomy. Twenty patients underwent lobectomy 
while sixteen only underwent subtotal lobec- 
tomy. Recently, however, the trend has been 
to perform a total thyroidectomy, with neck 
dissection on the involved side. There were 
twenty-two total thyroidectomies, twenty- 
three radical neck dissections and twenty-five 
modified radical neck dissections performed in 
this series. 

Contralateral Spread. Recently, the high in- 
cidence of contralateral lobe malignancy, or 
intrathyroid metastasis has been stressed. This, 
we feel, is of paramount importance since it 
emphasizes the necessity of total thyroidectomy 
in the treatment of carcinoma of the thyroid. 
MacDonald [14] found an incidence of 13 per 
cent contralateral intrathyroid metastasis; 
Frazell and Foote [1] reported similar findings. 
In our series, twenty-two patients underwent 
total thyroidectomies either as initial therapy 
or as stage procedures. Of the twenty-two total 
thyroidectomies, seven (31 per cent) were found 
to have had carcinoma in the contralateral lobe 
or isthmus. In the entire series 14 (21.8 per 
cent) had contralateral intrathyroid metastasis. 
The true incidence of this finding lies some- 
where between these two figures. The most 
important point in determining the value of 
total thyroidectomy is the incidence of clini- 


cally occult intrathyroid metastases. This 
figure has not been established as yet, and con- 
sequently, we believe that total thyroidectomy 
is the minimal requirement in effecting a cure 
for thyroid malignancy. Bilateral cervical 
lymph node metastases were noted in twelve 
patients, or 18.7 per cent. The incidence of 
bilateral cervical node metastases and contra- 
lateral intrathyroid metastases seems to be 
directly related to the duration of the disease. 

Neck Dissection. Another controversial 
point is that of the necessity for radical neck 
dissection and the extent of such a procedure. 
As shown in Table tv, 58 per cent of our 
patients had cervical metastasis on admission. 
It would then follow that more than half of the 
patients needed a radical neck dissection as 
described by Martin [15]. There were forty- 
eight neck dissections in this series. Of the 
forty-eight, forty-two were found to have had 
lymph nodes with metastatic involvement. 
This represents 87 per cent of our cases and is 
similar to findings reported by Cattell [173]. 
In our series, no detailed anatomical study was 
made of the location of individual nodes in- 
volved with metastatic disease. The most com- 
monly involved nodes were those of the deep 
cervical chain surrounding the internal jugular 
vein. Involved nodes were also found sub- 
sternally, at the base of the skull, in the sub- 
digastric area, and in the submaxillary area. 
Anatomically there is lymphatic drainage to 
the submaxillary area and occasionally metas- 
tases have been found in this area. In view of 
these facts, we consider that a radical neck dis- 
section should be of the suprahyoid type as 
described by Martin [75]. On several of forty- 
eight neck dissections, the sternocleidomastoid 
muscle was sectioned at its attachment to the 
clavicle and retracted superiorly. Following the 
lymph node dissection, the muscle was re- 
sutured to its original position. Exposure in this 
type of procedure is excellent. The result is 
cosmetically superior to that achieved by the 
Martin procedure, but it is questionable, 
whether or not it is possible to remove all 
potentially involved lymphatic-bearing tissue 
when this modification is employed. 

A prophylactic radical neck dissection, is 
any type of radical neck dissection performed 
in the absence of clinically significant cervical 
lymphadenopathy, or histologic evidence of 
metastatic carcinoma. There were ten radical 
neck dissections performed when there were no 
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nodes palpable on the involved side. Of these 
ten, four had lymph nodes containing meta- 
static carcinoma from the thyroid gland. AI- 
though we are not in favor of prophylactic neck 
dissection, as such, we do believe that if there 
is massive involvement of a thyroid lobe by 
papillary or follicular carcinoma, even though 
no metastatic nodes are felt, the procedure may 
be indicated. In most cases, however, it is pos- 
sible to palpate, and excise significantly en- 
larged lymph nodes for biopsy and frozen sec- 
tion through the collar thyroid incision. 
Complications. As would be anticipated, 
the most common complication was paralysis 
or temporary paresis of a vocal cord. This oc- 
curred in thirteen patients, and was most com- 
monly associated with hemithyroidectomy 
(total lobectomy) primarily because this was 
the procedure most frequently employed early 
in our series. There were no operative deaths 
in this series. Hypoparathyroidism was en- 
countered only three times following total 
thyroidectomy, and it was mild, transient and 
easily managed. There were three instances of 
injury of the hypoglossal nerve, one temporary 
salivary fistula and two cases of noticeably 
weak shoulders following radical neck dissec- 
tion. There were three patients who had 
temporary Horner’s syndrome. In one patient, 
following total thyroidectomy and radical neck 
dissection, a bilateral pneumothorax developed 
which necessitated bilateral closed thoracotomy 
immediately after operation. There were no 
sequelae following this. This patient had a 
partial bilateral vocal cord paralysis prior to 
surgery and it is believed that mediastinal 
emphysema plus partial respiratory obstruc- 
tion, at the subglottic level, resulted in bilateral 
rupture of the thin mediastinal pleura and 
bilateral pneumothorax. Several subsequent 
patients, undergoing total thyroidectomy and 
radical neck dissection, were noted to have had 
respiratory obstruction caused by laryngeal 
edema. This was thought to be due to surgical 
trauma to the trachea, prolonged endotracheal 
anesthesia, and venous obstruction secondary 
to ligation of the internal jugular vein. Since 
these observations were made, this type of 
patient has undergone a prophylactic tracheot- 
omy after completion of total thyroidectomy 
and radical neck dissection. This takes but a 
few additional minutes operating time and 
has resulted in a very smooth postoperative 
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RADIOACTIVE IODINE 


In recent years it has been our policy to use 
radioactive iodine (I'*!) postoperatively to 
augment follow-up studies on patients who have 
undergone total thyroidectomies for carcinoma 
of the thyroid. Radioactive iodine, used post- 
operatively, is of no value as a diagnostic 
procedure if any normal thyroid is present, be- 
cause the iodine will be concentrated in the 
normal thyroid and metastatic disease, if 
present, will not be detected. Occasionally I'*! 
has been used in therapeutic doses to eliminate 
retained thyroid tissue, after studies have 
shown residual thyroid activity following 
“total thyroidectomy.” This activity occurs 
in the anatomical location of the normal thy- 
roid tissue. Following this therapeutic dose, all 
normal thyroid tissue is obliterated and subse- 
quent studies may show only metastatic dis- 
ease, if present. 


COMMENTS 


Based on the experience gained from the 
study of this series of patients, we have de- 
signed a general outline for the treatment of 
nodular and carcinomatous conditions of the 
thyroid gland. Although each patient should 
be treated individually, specific reecommenda- 
tions for the treatment of clinically nodular 
conditions of the thyroid gland are as follows: 
(1) Multiple nodules should be treated by total 
thyroidectomy, or excision of all nodules, and 
only a normal thyroid gland should be left. 
(2) Asymmetrical enlargement of the thyroid, 
without nodules, should be treated by lobec- 
tomy. (3) Solitary nodules should be excised 
with a wide margin of normal tissue or prefer- 
ably by lobectomy. (4) A nodular thyroid, plus 
significant enlargement of the cervical lymph 
nodes, demands biopsy of the cervical lymph 
nodes through a collar type incision. The sur- 
geon should be prepared to perform total 
thyroidectomy and radical neck dissection if 
the frozen section diagnosis confirms metastatic 
cancer of the thyroid. (5) A lobectomy should 
be performed for thyroid nodules occurring in 
children or in men. 

Special indications for surgery in carcinoma 
of the thyroid should include the following: 
(1) Adenomas of questionable or borderline 
malignancy, as determined by gross and micro- 
scopic examination, should be treated by 
lobectomy. (2) Papillary and follicular car- 
cinoma, should be treated by total thyroidec- 
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tomy and radical neck dissection of the involved 
side when cervical metastases are proved his- 
tologically. (3) Undifferentiated, or spindle cell 
carcinoma, should be treated by total thy- 
roidectomy and radical neck dissection only if 
there are no distant or inaccessible metastases. 
(4) Histologically proved cervical lymph node 
metastases, without evidence of thyroid nodule, 
should be treated by radical neck dissection 
and total thyroidectomy. : 


CONCLUSIONS 


It is difficult to properly evaluate the various 
operative procedures used for the treatment of 
carcinoma of the thyroid since a prolonged 
follow-up of ten to fifteen years is necessary in 
this slow-growing tumor. 

Twenty per cent of this series of patients 
were not aware of thyroid or cervical lymph 
node enlargement, thus emphasizing the need 
for thorough examination of the neck in all 
routine physical examinations. 

Metastases have been shown to occur from 
metastatic lesions even though the primary 
lesion has been excised. This illustrates the need 
of removing all cervical lymphatic tissue to 
insure removal of all cervical metastases. 

The presence of extopic thyroid tissue imme- 
diately adjacent to the thyroid gland is not 
unusual and often results from implantation at 
previous operations on the thyroid gland. 

Papillary or follicular carcinoma of the thy- 
roid in a young patient is not a benign disease. 
Two recent patients in this category had bilat- 
eral cervical lymph node metastases and in- 
vasion of the esophagus on admission. A cancer 
type operation for this disease is clearly 
indicated. 

The need for total thyroidectomy is stressed 
because of the high incidence of contralateral 
intrathyroid metastases. The incidence of this 
spread within the thyroid gland and that to the 
cervical lymph node appears to be directly 
related to the duration of the disease. 

Fifty per cent of our patients had cervical 
metastases on admission, 18.7 per cent having 
bilateral metastases. Because of the widespread 
location of these lymph node metastases we 
believe a suprahyoid type of radical neck dis- 
section as described by Martin [15] should be 
employed. 

Prophylactic radical neck dissection has very 
little place in the treatment since in the major- 
ity of cases a positive tissue diagnosis of lymph 
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node metastases can be made by excision of 
enlarged lymph nodes for frozen section through 
the routine wide collar incision. 

Patients who are subjected to a total thy- 
roidectomy and radical neck dissection in one 
stage should undergo a prophylactic trache- 
otomy upon completion of the procedure. 
This safeguards against respiratory obstruc- 
tion caused by laryngeal edema which is due 
to surgical trauma, prolonged endotracheal 
anesthesia and ligation of the internal jugular 
veins. 

A suggested outline for the treatment of 
clinically nodular conditions of the thyroid, 
and proved carcinoma of the thyroid, is given. 
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External Postoperative Fecal Fistula 


Tuomas C. Case, m.p., New York, New York 


From the Department of Surgery, St. Vincent’s Hospital, 
New York, New York. 


and morbidity in abdominal sur- 
gery have decreased rapidly in the past 
three decades even though much more surgery 
is being performed and new fields of intra-ab- 
dominal pathology have been explored by the 
surgeon. The mortality at present has reached 
a new low, but in spite of this we still find 
deaths, many of which are preventable, in any 
general hospital. 

The endeavor of every surgeon is to carry his 
patient through an abdominal operation with 
the least possible disturbance of normal physio- 
logical processes and without complications. 
However, when one encounters difficult and 
abnormal problems he must be prepared to 
treat complications which sometimes tax the 
most experienced surgeon. It is fortunate for 
both the surgeon and patient that postopera- 
tive fecal fistula is not a common complication, 
for a review of the literature and of the cases 
reported in this paper reveals that it continues 
to be a serious complication, even under the 
most ideal hospital conditions, and that it can 
often be lethal. Thus the challenge becomes 
even greater, demanding the best possible skill 
and judgment of surgeons and all who may be 
called to attend these patients. 

A perusal of the surgical literature of the past 
fifteen years reveals only a few articles on the 
subject of external postoperative fecal fistula 
as a complication of surgery. It may thus ap- 
pear that the problem is one of easy solution 
and of little consequence for statistics on 
morbidity and mortality. However, this is not 
true when one considers the mortality rate of 
approximately 20 per cent in our cases and the 
fact that many of those patients who were 
fortunate enough to survive were subjected to 
a period of prolonged invalidism with one 
patient hospitalized for as long as 280 days. 

It is obvious that a review of the subject 


should be considered and that there are certain 
aspects of the problem that will bear emphasis. 
From such a review we hope to evaluate and 
bring to your attention those factors and prin- 
ciples which might determine the prevention or 
successful healing of a fistula, or whose failure 
to observe results in prolonged morbidity or 
death. Fistula of the duodenum is not included 
in this report; therefore, the report includes all 
cases of fistulization from the ligament of 
Treitz down to and including the rectum. 


GENERAL CLINICAL COURSE 


A general consideration of the clinical fea- 
tures of fistulas of the small and large bowel will 
first be reviewed. Such complications are most 
frequently the result of one or more factors, 
the most common, of course, being surgical 
trauma associated with opening the bowel 
either by design or accident; then infection in 
the form of intra-abdominal abscess due to and 
involving various intra-abdominal organs; and 
in many cases the forgetfulness of the applica- 
tion of fundamental surgical principles in the 
management of pathological lesions. 


LESIONS OF THE SMALL BOWEL 


If the fistula is high in the intestinal tract 
it is most troublesome. Shortly after the ap- 
pearance of the fistula the patient may be 
reduced to a state of complete collapse by loss 
of fluids, electrolytes, chlorides and nourish- 
ment, or the systemic symptoms may be mild 
and the signs primarily localized to the surgical 
wound or to an area of the abdomen where 
the signs of inflammation are obvious and drain- 
age of small intestinal contents is seen. The 
skin soon becomes glary red as a result of the 
digestive action of the juices. The administra- 
tion of dye by mouth confirms the diagnosis of 
the lesion. 

Dehydration becomes the first and most 
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obvious disturbing factor. Gastric juices, intes- 
tinal juices, bile and pancreatic fluids are elimi- 
nated continuously and this loss may total as 
much as 4,000 to 5,000 cc. daily even though 
no liquids are taken by mouth. Since there is 
little absorption of fluid in the high fistula, the 
circulating blood volume is further reduced, 
fluid is shifted from the tissues and renal excre- 
tion is diminished, resulting in hyperazotemia. 

Electrolyte loss and imbalance soon follow 
the rapid dehydration. Hypopotassemia is a 
frequent occurrence. The picture is not unlike 
that associated with high intestinal obstruction 
with profuse vomiting and the depletion of all 
essential ions, and hyperchloremic acidosis soon 
becomes evident. The replacement of all essen- 
tial ions is important. 

Nutritional changes occur soon after the 
appearance of a fistula; however, this does not 
become manifest as early as the fluid and 
electrolyte imbalance. Food taken by mouth is 
rapidly expelled through the fistula and as the 
continued loss from the fistula progresses, oral 
intake is reduced by anorexia. Withdrawal of 
reserves in muscle, liver and other body tissue 
is reflected in atrophied weak muscles and in the 
reduction of plasma proteins. 

The continued effect of enzyme action upon 
the tissues which are in contact with the intes- 
tinal fluids may produce further deterioration 
of the condition due to secondary infection, 
pain and mental anguish. With the administra- 
tion of antibiotics, infection is more easily con- 
trolled and does not become as disturbing a 
factor early in the life cycle of the fistula as it 
formerly did. However, if the fluid, electrolyte 
and nutritional factors are not controlled, the 
natural resistance of the host is lowered and 
infection with poor healing becomes manifest. 

Stabilization can be accomplished only if the 
vicious cycle created by dehydration, electro- 
lyte imbalance, malnutrition, infection and 
chronic shock is interrupted by medical, me- 
chanical or surgical measures. 


LESIONS OF THE LARGE BOWEL 


The onset of fistulas of the large bowel is not 
as explosive and the progress is much more 
benign than lesions of the small bowel. These 
complications are most frequently the result of 
surgical procedures such as colonic resections 
or trauma, some following gynecological proce- 
dures and quite often following the evacuation 
of intra-abdominal abscess secondary to dis- 


42 


ease of the colon or involving the colon as part 
of the abscess wall. 

When the fistula is in the cecum, the lesion 
often acts like a fistula of the ileum. The dis- 
charge is copious, fluid in character and with a 
definite fecal odor. Lesions in the transverse 
and descending colon tend to discharge less 
fluid and when the lesion is well established, 
particularly in the lower colon, it may dis- 
charge only small amounts of fecal stained 
matter, provided there is no obstruction dis- 
tally. When there is distal obstruction, the 
fistula will obviously discharge all of the 
colonic contents. 

The progress of colonic fistulas is indeed 
benign. In most cases the patient’s condition 
does not deteriorate and the skin about the 
fistula is not particularly disturbed. Fluid and 
electrolyte balance can be maintained without 
difficulty. While infection obviously can become 
a disturbing factor, it can be controlled with 
ease because the patient’s general condition 
has not deteriorated in most instances. Repara- 
tive processes can be expected to proceed in a 
more normal fashion. If the surgeon is patient 
and there is no distal obstruction, foreign body, 
chronic degeneration or active disease present 
in the bowel wall, most of the fistulas will close 
spontaneously. Surgery is indicated only after 
a long period of watchful waiting. As Dixon 
and Benson [4] stated, “‘Masterly inactivity is 
essential.” 


GENERAL TREATMENT 


In the attempt to close a fistula, a number of 
surgical procedures have been advised. How- 
ever, these are frequently contraindicated 
because of the usual malnutrition of the patient 
and the low tendency of the wound to heal. It 
is quite useless, indeed it is dangerous, to 
attempt to cure a persistent fecal fistula by 
exposing the bowel and attempting to close 
the opening in its wall by sutures. Experience 
has amply shown that such a procedure is cer- 
tain to fail. A recalcitrant fecal fistula, after 
excluding the presence of a foreign body, 
chronic infection, tuberculosis, actinomycosis 
or malignancy, is evidence of intestinal ob- 
struction and it is this obstruction which re- 
quires treatment by a short circuiting opera- 
tion, preferably accompanied by resection of 
the affected segment of the bowel. This risk 
must be taken when the fistula is accompanied 
by a distal obstruction. Closure of the fistula by 
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mechanical means is therefore the method to 
which many surgeons most frequently resort. 
The numerous methods and devices published 
indicate the difficulty in the management of 
the problem. 

In 1938 Hartzel [8] presented a review of the 
methods used in the attempt to close fistulas by 
mechanical means, and added a description of 
his own method. Various bizarre technics were 
elaborated. He stated that Judd and Phillips 
used chewing gum for closing the fistulous 
orifice. Rosenburg advised the use of oxycel® 
in the treatment of persistent fistulas. Ribby 
and Hendon used gauze soaked in oil for plug- 
ging the fistula. Johnston devised two balloons, 
one on either side of the fistula, to close off the 
fistula. Reybard used a button placed in the 
lumen of the bowel and held in position by an 
outside crossbar. Kleybolt used a similar device 
made of leather. In 1911 Kappis advocated a 
T-tube to depress the mesenteric wall of the 
bowel when there is a tendency toward spur 
formation at the juncture of the afferent and 
efferent loops. Dowd advised that a small disc 
be inserted in the bowel and held in place with 
sutures passed through a small obturator. Mayo 
used a bakelite button placed in the fistula 
opening. Hartzel devised a refinement of the 
button and tube device held in place with 
sutures, the tube being molded from a wax 
model of the proper size and angle. Joseph used 
a Paul tube with some success, and Mozes [21] 
recently reported a combination of a T-tube 
within a balloon which has been applied with 
some success. 

Most of these methods might be successful 
only with a relatively small opening in the 
bowel and firm enough surrounding tissue to 
stand the pressure of traction, and therefore 
could be applicable very early in the disease. 
When the opening becomes large and involves 
a considerable circumference of the bowel it 
becomes extremely difficult to treat by this 
means, which almost invariably fails. A success- 
ful mechanical device should secure complete 
closure of the fistula and restore the continuity 
of the bowel, permitting normal feedings, and 
prevent leakage of intestinal contents. How- 
ever, these local methods at best have been 
only partly successful and postponement of 
definitive and prompt cure results in a progres- 
sive downhill course. 

Since most of these mechanical means have 
been unsuccessful, surgeons have become more 


bold in their attitude toward the treatment of 
this condition. With the better understanding 
of fluid and electrolyte imbalances and with 
the intelligent and adequate replacement of 
these losses, surgical procedures have been 
applied which would not have been attempted 
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Fic. 1. Diagram of exclusion procedure for fistula of the 


small bowel. 


in the past. To emphasize further the impor- 
tance of proper and adequate fluid replacement, 
Hull and Barnes [10] in 1951 reported six cases 
of fistulas of the small bowel in which total 
intravenous alimentation completely arrested 
or reduced drainage. These feedings maintained 
electrolyte balance and controlled local drain- 
age; some of the fistulas healed spontaneously 
while others were correctable by surgery. 


MANAGEMENT OF FISTULAS OF THE SMALL BOWEL 


Postponement of prompt cure, particularly 
in debilitated patients with lesions of the small 
bowel, results in a steady downhill course and 
surgical intervention becomes very hazardous. 
In the presence of organic disease, surgery is 
obviously eventually directed toward both the 
extirpation of the diseased segment and the | 
fistula. Resection of the diseased segment and 
the fistula following fistulization was performed 
in twenty-three cases of our group; this in- 
cluded eleven resections of the large bowel and 
twelve of the small bowel, and in two cases 
both the large and small bowel were resected. 
Of particular interest is the fact that approxi- 
mately 70 per cent of the patients who under- 
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Fic. 2. Two-stage procedure for exclusion of combined fistulas of the small and large 


bowel following right hemicolectomy. 


went resection for lesions of the small bowel 
died, including the two who underwent resec- 
tion of both the small and large bowel at one 
operation. 

With regard to the simple persistent fistula, 
the principle of exclusion first described by 


TABLE | 
ETIOLOGY OF FISTULA 
No. of 
Etiology 
Following treatment for carcinoma of large 

Following treatment for diverticulitis of large 

Following treatment for gynecological lesions. 17 
Following treatment for appendicitis......... 20 
Following treatment for dehiscence.......... 13 
Following laparotomy for intestinal obstruc- 

Following gastrectomy for peptic ulcer....... 4 
Following incision and drainage of abscess of 

Following operation for strangulated hernia. . 4 
Following resection for segmental colitis (sig- 

I 
Following biopsy of sigmoid colon........... I 
Following colotomy for excision of polyp... .. I 


Trendelenburg and Von Hacken in the last 
century and later re-emphasized by Keyes and 
Middleman [14] in 1941 has gained considerable 
popularity. In 1951 Keyes [13] again reported 
on hastening exclusion for fistula of exteri- 
orized ileum and jejunum and stated, “The 
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time will be shortened as one gains confidence 
in the exclusion operation,” and that “‘ Middle- 
man has successfully reoperated as early as the 
fifth day after exteriorizing gangrenous ileum.” 

The exclusion procedure was used in two of 
our cases of fistulas of the small bowel. Both 
patients died because the procedure had been 
performed too long after the appearance of the 
fistula. 

Exclusion operations are of various types. 
High fistulas, i.e., those arising from the jeju- 
num or high in the ileum, can be treated by 
jejunoileostomy (Fig. 1) and sometimes by 
jejunocolostomy. Low fistulas, i.e., those arising 
from the distal loops of ileum, can be treated by 
ileocolostomy. (Fig. 2.) Exclusion should be 
complete and not partial. The excluded segment 
of bowel can be removed subsequent to exclu- 
sion or left in the site for as long as ten years, 
as in a case reported by Middleman. 


MANAGEMENT OF FISTULAS OF THE LARGE BOWEL 


In eleven cases of persistent fistulization in 
large bowel, simple excision of the fistulous 
tract and inversion of its communication with 
the bowel was performed. There was one death 
and one failure; the large bowel had to be re- 
sected later in the one failure. In all cases the 
procedure was performed after a considerable 
period of time had been allowed to elapse for 
spontaneous closure. 

Occasionally a so-called “‘lip fistula” is en- 
countered and this would be another reason for 
persistent fistulization. It could occur with 
a fistula of either the small or large bowel. In 
these cases the mucosa of the bowel becomes 
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Fic. 3. Chart demonstrating progressive decline in relative death rate with increase in number of cases. 


contiguous with the skin of the abdominal wall. (Fig. 3.) The highest death rate occurred in 
Spontaneous closure rarely occurs and surgery _ patients between sixty and seventy years of 
becomes necessary in order to effect a cure. age. (Table 1.) 


TABLE I 


STATISTICAL ANALYSIS OF CASES CASES ACCORDING TO AGE 


During the twenty-two-year period, 1933 
to 1955 and part of 1956, postoperative fecal No. of Cases | Mo. of Danthe 
fistula developed in 100 patients on the Surgical 
Service of St. Vincent’s Hospital, New York 
City. (Table 1.) 

One hundred thirteen fistulas were treated 
in these 100 patients, some having returned 
with a recurrence of the fistula at a later date. 
Forty-six of the patients were males and fifty- 
four were females. The youngest was four 
months old and the oldest seventy-eight years 
of age. 

An analysis of this total shows a progressive 
decline in the relative death rate with an in- 
crease in the number of cases in recent years. 
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The decrease in the death rate in latter years 
is, of course, due to the better understanding of 
fluid and electrolyte balance, the use of anti- 
biotics and the use of more aggressive and 
sounder surgery. The increase in the number of 
fistulas is due to the increase in the number and 
scope of operations. 

The small bowel was involved in fistulization 
in twenty-two cases, or approximately 20 per 
cent of the total number, and the large bowel 
in eighty-five cases, or approximately 80 per 
cent. In six cases both the small and large 
bowel were involved. 

Fistulization followed resection of the small 
bowel in seven cases and resection of the large 
bowel in fifteen cases. Six of these twenty-two 
cases of resection had part of the small and 
large bowel resected at the same operation. 
Four of the resections of the small bowel were 
performed for strangulated hernia with ne- 
crosed ileum, one for compromised ileum in a 
case of intussusception, and the sixth and 
seventh for traumatized ileum in patients with 
a pelvic abscess. Of the resections of the large 
bowel ten were performed for carcinoma, four 
for diverticulitis and one for ulcerative colitis. 

One of the possible causes of fistulization in 
these cases is the use of closely applied silk 
sutures insthe anastomosis which might very 
well constrict the anastomotic area and create 
some degree of early obstruction, thereby 
causing an a¢cumulation of intestinal contents 
proximally, ¢reating pressure on the line of 
anastomosis/ with subsequent dehiscence and 
fistulization. This probably occurs more fre- 
quently than is manifest clinically. However, 
nature fortunately can handle the early leakage, 
seal it off arid allow spontaneous absorption 
and healing in\most cases. Other causes of 
fistulization to be,considered are the presence 
of local infection eausing dehiscence of the 
anastomosis or possibly the application of tight 
sutures in the anastomosis causing necrosis of 
tissue and a breakdown of the anastomosis. 

Twenty cases of fistulization followed opera- 
tion for acute appendicitis. This constitutes 
approximately 20 per cent of the total. Of 
these twenty cases, twelve had simple ligation 
of the stump, six had ligation and inversion of 
the stump, and two had simple inversion of the 
stump. In practically all of these cases, the 
method of treating an acutely edematous base 
was to apply clamps and then a ligature. When 
one considers that an involved devitalized 
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edematous appendiceal base is crushed with a 
large clamp, causing further devitalization of 
already compromised tissue, it is understand- 
able why such tissue will become necrotic and 
create fistulization. The careful application of 
two chromic ties several millimeters apart 
without clamping has been a very effective and 
satisfactory method. 

In fifteen cases, fistulization followed treat- 
ment for carcinoma or diverticulitis of the large 
bowel. These patients had undergone resections 
which failed in most instances because the 
resection had been performed too close or in- 
volved an area of inflammation or an area 
bearing neoplastic tissue. Improper healing at 
the line of anastomosis is inevitable and 
fistulization ensues. 

Fistulas complicating gynecological proce- 
dures were found in both the small and large 
bowel and were usually the result of inadvertent 
injury to the bowel in patients with advanced 
and complicated pelvic disease, both inflamma- 
tory or neoplastic. The majority of the injuries 
to the bowel were repaired at the time of the 
original operation and those that had been 
drained did better than those that had not. 
Minor injuries to the bowel can occur at the 
time of difficult gynecological procedures 
without the surgeon’s knowledge, and the 
injured point may well go on to necrosis and 
perforation; proper drainage at that time may 
mean the prevention of a fatality. Presence of 
diverticula of the colon should be noted at the 
time of operation and care exercised not to 
traumatize the colon bearing diverticula be- 
cause even slight injury to such diseased tissue 
can well result in fistulization. 

The usage of drains had been instituted at 
the time of the original operation in fifty-six 
of the total number of cases in which fistulas 
later developed. These patients did better than 
those who had not been drained originally and 
in whom a fistula later developed. The use of a 
simple drain cannot introduce further infection 
in an already contaminated field such as that 
following resection of the bowel, nor can it 
produce more infection than is already present 
in an infected area such as that of an acute 
appendicitis or chronic diverticulitis or in- 
fected neoplasm. This fear perhaps has been 
carried down from the days when hard rubber 
tubing was used for drainage and the problem 
of pressure necrosis was a real hazard. 

In patients in whom a fistula develops and 
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in whom no drainage has been used, an addi- 
tional disease has been created that could have 
been avoided ‘with a simple drain. The accumu- 
lation of spillage in the abdominal cavity with 
subsequent abscess formation produces an in- 
fective process that may be difficult to control 


TABLE 11 


Results No. of Cases| Per cent 


Total number of deaths...... 24 24.0* 
21.27 


* Death rate based upon total number of patients. 
+ Death rate based upon total number of fistulas. 


in an already debilitated individual; in many 
instances it may prove to be fatal. A simple 
drain would create an avenue for escape of the 
potentially infected discharges and reduce the 
condition to a simple external fistula rather 
than an abscess and later fistulization. 

The use of through and through sutures in 
the mounting number of cases of dehiscence 
deserves particular consideration. Perhaps the 
improper use of silk sutures in abdominal 
closures has been one of the causes of the in- 
crease in dehiscence, and the blind use of 
through and through sutures in the repair of 
dehiscence with either laceration or actual in- 
corporation of bowel wall in the suture may be 
responsible for the production of fecal fistulas. 


Approximately 13 per cent of the fistulas fol-. 


lowed the repair of a wound dehiscence by 
through and through sutures. 


COMMENTS 


In all, 113 cases of postoperative fistula were 
treated, forty-one by surgery and seventy-two 
conservatively. The number of patients treated 
was 100, with twenty-four deaths. (Table 111.) 

It will be noted in Table 1 that the death 
rate differed very little regardless of the method 
of treatment applied and that the cure rate was 
definitely greater with surgery. However, sur- 
gery had been used as a desperate measure in 
very ill patients who should have been operated 
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upon much earlier in many instances. Many of 
the patients who were cured by surgery might 
well have been fatalities if aggressive measures 
had not been employed. Most of the patients 
cured by conservative treatment were those 
with lesions of the large bowel. While “ masterly 


TABLE IV 
CLASSIFICATION OF DEATHS 


No. of Deaths 


Location of Lesion 


With 
Conservative 
ureery | Treatment 


Both large and small bowel. . 
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inactivity’ can be advocated in the treatment 
of some fistulas of the large bowel it appears 
from our case reviews and the reported experi- 
ence of others (Middleman and Keyes [14]) 
that more aggressive measures should be ap- 
plied in treating lesions of the small bowel. 
About 50 per cent of the patients with lesions 
of the small bowel died (Table tv), most of 
them after delayed surgery. Almost 50 per 
cent of the patients who had simultaneous 
fistulas of both the small and large bowel died. 
Again, some of the fatalities might have been 
avoided by early surgical intervention, for 
little can be gained by procrastination, as 
demonstrated by our present day understand- 
ing of the pathological physiology that is sure 
to follow delay and eventually cause death. 
The following figures represent the results of 
treatment of cases before the free usage of 
antibiotics and the period to follow: 
Twenty-six cases were treated through the 
end of 1941, eleven surgically and fifteen con- 
servatively. There were four deaths (15.3 per 
cent), one following surgery involving the small 
and large bowel and three following conserva- 
tive treatment (two involving the small bowel, 
one the large bowel). 
Eighty-seven cases were treated from 1942 


. to the time of this report, thirty surgically and 


fifty-seven conservatively. There were twenty 
deaths (22.9 per cent). Eight deaths followed 
surgery (26.6 per cent), of which four involved 
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the small bowel, three the large bowel and one 
involved both the large and small bowel. 
Twelve deaths followed conservative therapy 
(21.8 per cent). Of these, three cases involved 
the small bowel, eight involved the large bowel 
and one involved both the large and small 
bowel. 

It will be noted that the surgical deaths 
increased after 1941, as did the number and 
scope of operations, and that those patients 
treated conservatively did about as well as 
those treated before 1941. In the latter part of 
1956, resection was performed immediately 
after the appearance of the fistulas in two cases 
of frank fistulization of the ileum and one case 
of fistula in a strangulated umbilical hernia. All 
were cured. Exclusion procedures were consid- 
ered but not used. These gratifying results were 
undoubtedly obtained because the definitive 
procedure was carried out without procrastina- 
tion and because of the judicious use of fluids, 
electrolytes and antibiotics. 

The average stay in the hospital for all cases 
was 51.5 days; one patient remained in the 
hospital 280 days and underwent several opera- 
tive procedures. The shortest stay was fourteen 
days by a patient in whom a fistula developed 
following appendectomy. 


CASE REPORTS 


The following case reports have been selected 
for presentation because they are representa- 
tive of accepted surgical therapy or mistakes 
which may be encountered. 


Case 1. J.C. (Case No. 3586), a forty-six 
year old white man, was admitted with acute 
appendicitis of forty-eight hours’ duration. At 
operation a gangrenous appendix was removed. 
However, the pathological process had ex- 
tended on to the cecal wall. The stump was 
ligated with chromic catgut and inverted with 
a purse-string suture. A drain was placed over 
the site of the appendiceal stump. A fecal 
fistula developed on the fourth postoperative 
day. The patient left the hospital forty-six days 
postoperatively with the fistula having closed 
spontaneously. 

Comment: This case illustrates that the appli- 
cation of a purse-string suture in tissue involved 
in a pathological process will, in most cases, fail 
to accomplish its purpose because by the appli- 
cation of the suture one is further impoverish- 


ing the blood supply to tissue already damaged 
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by the inflammatcry process, and necrosis is 
most likely to follow with fistulization. The 
application of the drain was most fortunate, 
however, because it helped in the creation of an 
external fistula which otherwise might first 
have become an intra-abdominal abscess in an 
already very ill and depleted patient. 


Case u. C.H. (Case No. A 38028), a fifty- 
four year old man, was admitted with acute 
appendicitis. A gangrenous appendix was re- 
moved through a McBurney incision and the 
stump doubly ligated without inversion. The 
cecal wall was involved in the pathological 
process and no drainage was used. A severe 
ileus developed postoperatively, and on the 
twelfth postoperative day a fecal fistula became 
evident at the site of incision. His course con- 
tinued to become worse and was complicated 
by lobar pneumonia, empyema and the forma- 
tion of a subphrenic abscess. On the forty-fifth 
postoperative day thoracotomy was performed 
with drainage of 1,200 cc. of purulent fluid. 
The fecal fistula persisted and the drainage 
gradually diminished until two weeks prior to 
the patient’s death at which time the discharge 
again became profuse. He died on the seventy- 
eighth postoperative day. No surgery was per- 
formed for the fistula because of the poor 
condition of the patient. 

Comment: This patient also had a cecum 
secondarily involved in the inflammatory 
process; however, drainage was not employed. 
When a cecum is so involved, certainly the 
application of a simple soft Penrose drain can 
do no harm. It will simply avoid the develop- 
ment of two conditions instead of one and it 
might mean the difference between life and 
death. This patient undoubtedly had necrosis 
of the appendiceal stump with the formation of 
an intra-abdominal abscess. A simple drain 
would have created only a simple fecal fistula 
and this may well have healed spontaneously. 
However, because drainage was not employed, 
not only the fistula but also a second disease 
developed, namely, an intra-abdominal abscess 
which was responsible for the patient’s eventual 
death. 

Another point to be noted here is the appli- 
cation of ties about an edematous and friable 
appendiceal stump. If the ties are applied too 
strenuously this may defeat the purpose of 
their application and cause a breakdown of 
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tissue instead of sealing off the appendiceal 
lumen. 


Case u1. G. B. (Case No. C 72997), a 
fifty-five year old white man, was admitted 
with a gangrenous appendix. The pathological 
process had involved the cecal wall. The ap- 
pendix was removed and its stump doubly 
ligated. Because of the almost necrotic appear- 
ance of the cecal wall a drain was placed down 
to the appendiceal stump in anticipation of a 
breakdown of tissue with the formation of a 
fecal fistula. This occurred on the eighth post- 
operative day. However, the course was not 
particularly disturbing because of adequate 
external drainage. The fistula healed spon- 
taneously and the patient was allowed to go 
home on the thirtieth postoperative day. 

Comment: In this instance the immediate 
recognition of the diseased bowel wall was 
treated with due respect and a drain inserted 
in anticipation of a fecal fistula. A fistula at 
this site is not particularly dangerous and will 
usually seal off spontaneously providing there 
is no distal obstruction or persistence of dis- 
eased tissue at the site of origin of the fistula. 


Case tv. H. LaC. (Case No. A 44682), a 
fifty-five year old white man, was admitted 
with incomplete postoperative intestinal ob- 
struction. At operation the offending adhesions 
lysed and the cecum was injured inadvertently. 
The cecum was repaired and the abdomen 
closed without drainage. A severe ileus promptly 
developed and ten days postoperatively a fecal 
fistula was present at the site of the incision. 
Generalized peritonitis was evident at this time 
and the patient died five days after the appear- 
ance of the fecal fistula. 

Comment: This case again illustrates that a 
simple drain should be applied in cases in 
which there is any doubt of the viability of the 
structures involved. The cecum was involved 
in the obstructive process and its walls were 
not completely normal. It therefore follows 
that the application of sutures to the cecal wall 
might be doomed to failure. Postmortem ex- 
amination revealed the presence of generalized 


peritonitis and a fecal fistula involving the 


cecum. 


Case v. T. J. O. (Case No. C 82215), a 
fifty-four year old white man, was operated 
upon for carcinoma of the descending colon. 
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Resection of the lesion was performed with 
end-to-end anastomosis without drainage of 
the abdominal cavity. On the tenth postopera- 
tive day a fecal fistula developed at the upper 
angle of the incisional wound. The discharge 
was profuse at first. However, it gradually 
diminished but persisted for twelve months. At 
this time (one year later) the patient was re- 
explored and a stricture at the line of anasto- 
mosis and an internal fistula (ileum to colon 
beyond the external fecal fistula) were found. 
Resection of the strictured area of colon in- 
volved in the internal fistula and repair of the 
involved ileum were performed by simple 
suture. The patient made an uneventful recov- 
ery; his hospital stay was fifty-six days. 

Comment: Again, the complications and 
sequelae in this patient might have been 
avoided by the application of a simple drain; 
a simple external fistula might have developed 
immediately postoperatively and closed spon- 
taneously. However, there must have been an 
abscess formed at the site of anastomosis which 
involved the portion of the ileum that became 
fistulized; later with resolution of the patho- 
logic condition a stricture of the colon with 
some degree of obstruction developed. This 
‘was the principal reason for the persistence of 
the external fecal fistula. Only operative inter- 
vention could cure this type of lesion. 


Case vi. A. M. (Case No. A 27785), a 
sixty-four year old man, was admitted with an 
acute condition of the abdomen. Exploratory 
celiotomy was performed and an acute ruptured 
appendix with generalized spreading peritonitis 
was found. The appendix was removed and a 
drain placed over the site of the appendiceal 
stump. A fecal fistula developed at the drain 
site on the seventh postoperative day and 
persisted. An evisceration developed on the 
seventeenth day after operation. He was oper- 
ated upon on the day of evisceration for repair 
of the abdominal incision and at this time an 
attempt was also made to close the fecal fistula 
which involved the terminal ileum. The day 
following this procedure the fecal fistula reap- 
peared at the site of drainage. The patient’s 
condition deteriorated progressively, an acute 
renal shutdown and pulmonary edema de- 
veloped and the patient died on the sixty-fifth 
day after admission. 

Comment: The point to be emphasized in this 
instance is the fact that one cannot expect to 
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cure a fecal fistula by the simple suture of an 
opening in the bowel in the presence of frank 
infection (peritonitis in this case). The effort is 
doomed to failure at the time of repair because 
the presence of the infection further inhibits 
the normal reparative process in an already 
diseased area, namely, the involved ileum 
causing the fecal fistula. 


Case vir. M. M. (Case No. B 5062), a 
sixty-three year old white woman, was ad- 
mitted for resection of carcinoma of the lower 
sigmoid. End-to-end anastomosis and compli- 
mentary cecostomy were performed at the 
same operation. The abdomen was not drained. 
On the seventh postoperative day a fecal fistula 
developed at the center of the incisional wound. 
The cecostomy had not functioned satisfac- 
torily. The fistula persisted and the discharge 
gradually diminished until her release from the 
hospital 131 days postoperatively at which time 
there was no further discharge. 

Comment: This case illustrates something 
we believe possibly happens more frequently 
than might be suspected, i.e., a leak at the site 
of anastomosis. Some of the patients are 
able to cope with the situation and nature 
helps them resolve the process spontaneously 
while others go on to abscess formation and 
fistulization. 


Case vi. M. S. (Case No. E 28444), a 
fifty-four year old woman, was admitted be- 
cause of pain in the left lower quadrant of the 
abdomen. At operation a perforation of the 
sigmoid was found and sutured, and transverse 
colostomy performed. Following this operation 
the temperature remained elevated and ab- 
dominal distention persisted. A sinus tract 
developed at the lower angle of the incisional 
wound in the left lower quadrant of the ab- 
domen. Barium studies of the colon about one 
month after the original operation revealed 
the presence of a communication between the 
sigmoid and an intra-abdominal abscess. Ex- 
ploratory celiotomy revealed the presence of a 
fistulous tract from the skin to the sigmoid and 
another fistula from the sigmoid to a left pyo- 
salpinx. Sigmoidal resection with excision of 
the fistulous tracts and left salpingo-oophorec- 
tomy were performed and the patient made an 
uneventful recovery. She was discharged three 
months after admission. 

Comment: The pathological specimen did not 


reveal the presence of any sigmoid diverticula 
which had been suspected originally but did 
demonstrate the communication of bowel wall 
with the diseased left pyosalpinx. The per- 
sistence of infection of adjacent tissue causing 
fistulization was undoubtedly the cause of the 
recalcitrant fistula. The diseased tissue must 
be removed before a cure can be effected. 


Case 1x. F. S. (Case No. B 2118), a sev- 
enty-three year old man, was admitted with a 
three-year history suggestive of peptic ulcer. 
He was obviously chronically ill on admission. 
At operation a carcinoma of the stomach was 
found and subtotal resection performed. On the 
tenth postoperative day a fecal fistula de- 
veloped at the upper angle of the incision. The 
wound became separated and a partial de- 
hiscence of the wound developed. His condition 
became progressively worse and he died on the 
eighteenth postoperative day. Postmortem ex- 
amination revealed a perforation of the trans- 
verse colon causing the fistula and local peri- 
tonitis, a subphrenic abscess and lobular 
pneumonia. 

Comment: While this patient was given vig- 
orous preoperative treatment (transfusions 
and plasma), his general condition was not 
improved sufficiently to overcome the protein 
loss due to the long illness with carcinoma. 
The healing ability of people with hypopro- 
teinemia is well known and even the slightest 
injury to the bowel wall (transverse colon in this 
case) will go on to necrosis, perforation, infec- 
tion and then fistulization. 


Case x. H. C. (Case No. C 26015), an 
elderly woman, had a persistent fecal fistula 
following appendectomy for acute appendicitis 
and peritonitis five weeks before admission to 
this hospital. After adequate preoperative 
preparation celiotomy was performed and a 
segment of involved ileum causing the fistula 
and an intestinal obstruction distal to the 
fistula was resected and side-to-side anastomo- 
sis performed. The patient made an uneventful 
recovery and was discharged six weeks after 
admission. 

Comment: This case clearly illustrates the 
fact that one of the causes of a persistent and 
active fistula is obstruction distal to the point 
of fistulization. The early release of the ob- 
struction and resection of the involved ileum 
with the fistula effected a prompt cure. 
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Case x1. O. A. (Case No. C 47916), a 
fifty-seven year old man, was admitted with a 
history of hematemesis and generalized ab- 
dominal pain of five days’ duration. Diagnosis 
of both bleeding and perforated ulcer was made 
and, because of the obvious generalized peri- 
tonitis and poor condition of the patient, he 
was treated by gastric suction and given sup- 
portive therapy. After two weeks a large 
abscess localized in the right lower quadrant of 
the abdomen and it was opened under local 
anesthesia. A fecal fistula, obviously high in 
the ileum, developed ten days later. The dis- 
charge from the fistula was profuse and the 
patient’s general condition deteriorated rap- 
idly. Numerous mechanical attempts to close 
off the fistula failed. Two weeks after the fistula 
developed, celiotomy was performed and the 
involved ileum, which was also partly ob- 
structed, was resected and end-to-end anasto- 
mosis performed. The patient died four days 
later. 

Comment: This case illustrates primarily the 
loss of valuable time that had been taken up 
by attempting to use mechanical means in 
attempting to close off the fistula. An earlier 
exclusive procedure may have prevented a 
fatality. 


Case xu. H. M. (Case No. C 75695), a 
seventy year old woman, was admitted for 
elective cholecystectomy. One week after opera- 
tion complete wound dehiscence occurred in 
the longitudinal incision in the right upper 
quadrant of the abdomen. This was repaired 
with through and through heavy silk sutures. 
Six days after this repair a fecal fistula de- 
veloped at the center of the incision which 
appeared to be of small bowel origin. After 
three weeks it was decided to perform explora- 
tory celiotomy with the intention of curing the 
fistula. Resection of involved ileum was per- 
formed and end-to-end anastomosis done. A 
cerebrovascular accident occurred on the six- 
teenth postoperative day with the wound well 
healed. 

Comment: This case illustrates the danger of 
the application of deep through and through 
sutures unless one can see the sutures secured 
under clear vision. Fistulas have followed this 
procedure on many occasions; fortunately some 
will heal spontaneously, but many will not. 
This cause of fecal fistula can be avoided if 
retention sutures are properly applied at the 


time of the initial operation in elderly and 
debilitated patients, and the sutures removed 
not before the fourteenth postoperative day. 


Case xu. A. D. (Case No. C 95057), a 
forty-two year old woman, was admitted for 
hysterectomy because of the presence of 
fibroids and an incisional hernia at the site of 
an old paramedian scar from a previous opera- 
tion. During the procedure the cecum was 
inadvertently denuded and injured. Repair of 
the cecal wall was effected with interrupted 
catgut sutures. A fecal fistula developed after 
five days and closed spontaneously fifteen days 
later. 

Comment: Almost 20 per cent of our reported 
cases followed gynecological procedures. How- 
ever, the bowel involved was usually the sig- 
moid. In this case it was the cecum. When the 
injury is recognized and immediately properly 
repaired the patient usually does well; however, 
when it is not recognized the result can be dis- 
astrous. It is our feeling that all such repaired 
injuries should be drained in order to avoid the 
possibility of an intra-abdominal abscess. 


Case xiv. D. T. (Case No. E 2529), a 
forty-seven year old man, was admitted with 
a perforated sigmoid diverticulitis. On admis- 
sion transverse colostomy was performed and 
the perforation closed and drained. A small fecal 
fistula developed at the site of drainage. Seven 
months later resection of involved sigmoid was 
performed with end-to-end anastomosis. Be- 
cause of persistent fever an x-ray of the colon 
was obtained which revealed the presence of a 
communication between the line of anastomosis 
and an intra-abdominal abscess cavity. The 
patient was properly prepared and another 
resection of the involved sigmoid was per- 
formed. The convalescence was then uneventful 
and the transverse colostomy closed two 
months later. 

Comment: This case illustrates the fact that 
resection was performed through diseased 
sigmoid tissue containing other diverticula and 
that the anastomosis did not hold, with subse- 
quent abscess formation. When all the diseased 
tissue was removed at the second operation the 
recovery was uneventful. This complication 
has also occurred when anastomosis has been 
performed with intestine containing neoplastic 
tissue because the resection was not sufficiently 
extensive or in cases of regional enteritis or 
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colitis in which involved tissue was used in the 
anastomosis. 


Case xv. E. McM. (Case No. C 13800), a 
sixty-two year old woman, was admitted with 
acute intestinal obstruction. The obstruction 
was due to a carcinomatous tumor in the 
hepatic flexure. Primary immediate resection 
with end-to-end anastomosis was performed 
and drainage instituted. On the second post- 
operative day a fecal fistula developed which 
was treated with suction drainage and suppor- 
tive therapy. The fistula healed spontaneously 
and the patient was discharged thirty-five days 
after operation. 

Comment: While the aforementioned proce- 
dure has been accepted in the treatment of 
similar cases, one must exercise considered 
judgement before proceeding with immediate 
resection in the presence of acute obstruction. 
The pathophysiological process may be more 
advanced than meets the eye. In the presence 
of tissue that is microscopically devitalized, 
healing might be hindered and a breakdown of 
the anastomosis with fistulization quite likely 
to follow. 


SUMMARY 


Although our series is not large enough to be 
statistically significant, certain important ob- 
servations have been made that emphasize 
significant points which may have a bearing on 
the final outcome of these patients. Some of 
these points may appear obvious; however, 
there are certain facets that will bear emphasis. 

Postoperative fecal fistula is a serious com- 
plication and possibly can be avoided if the 
operator bears the following in mind: 

1. Diseased or compromised tissue should 
never be at, or close to, the line of anastomosis 
in performing surgery on the bowel. 

2. Obstruction distal to the line of anastomo- 
sis will often cause a postoperative fecal fistula. 

3. Obstruction distal to an existing fistula 
will prevent spontaneous closure of the fistula. 

4. Anastomosis of the bowel in the presence 
of infection will in most instances fail to heal 
normally and may result in formation of a 
fistula. 

5. Technical mistakes in the application of 
silk sutures in anastomosis of the bowel may be 
a contributing factor in the formation of a 
fistula. 
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6. Trauma to diseased bowel at the time of 
operation may result in formation of a fistula. 

7. The careful application of through and 
through sutures for dehiscence will avoid 
fistulization of bowel that may be caught in 
the suture or injured by the suture. 

8. The immediate recognition and careful 
suture of inadvertently damaged bowel and the 
application of intra-abdominal drainage will 
often save a patient from having two postopera- 
tive complications instead of one, i.e., the 
development of a fistula instead of an intra- 
abdominal abscess and then a fistula. 

9. The energetic use of clamps on an edema- 
tous appendiceal base will enhance necrosis of 
tissue that is already devitalized and increase 
the possibility of formation of a fistula. 

10. The more liberal use of simple Penrose 
drains in cases in which fistulization is a pos- 
sible complication will often mean the differ- 
ence between a slight increase in morbidity or 
fatality. 

11. Primary resection of the fistula in the 
small bowel could be attempted if performed 
very soon after the appearance of the fistula, 
providing the patient is in fluid and electrolyte 
balance and well protected with antibiotics. 

It can be seen from these case reports and 
from the rather brief account of a broad and 
difficult subject that there is no primrose path 
before the surgeon in the management of these 
complications. Minimal as these suggestions 
may seem, they are not without significance 
and may be of real importance to one unfor- 
tunate enough to encounter such a complication 
in surgery of the abdomen. 


Acknowledgment: The author is especially 
grateful to Dr. W. M. East for his help in the 
review of charts of the reported series of cases. 
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HERE are two methods by which the prin- 

ciples and technics of child psychiatry may 
be applied to the total care of the child under- 
going surgery: first, by the direct utilization of 
psychiatric personnel on the wards and out- 
patient clinics, and second, by the regular in- 
struction of surgical personnel in a few basic 
principles which can be applied with a mini- 
mum of time expenditure and which are 
oriented toward obtaining a maximum of 
cooperation from the child and his parents and 
toward the development of a healthy attitude 
to treatment. 

From a psychiatric point of view, the ideal 
surgical patient would consist of a child who 
(1) had been properly prepared for the impend- 
ing hospitalization, (2) trusted his surgeon, (3) 
understood, within the capacity of his mental 
development, the meaning of the procedures to 
be performed upon his body, (4) was aware of 
the various incapacitations that have to be 
tolerated during the postoperative period, and 
(5) understood the extent of the structural or 
functional modifications of his body, if any, 
which would result from treatment. 

It is to be noted that these points are all 
based on the idea of introducing as much reality 
as the child can understand, but at the same 
time supporting him to alleviate his feelings of 
helplessness and his fears of being hurt. They 
are also based on the fact that children (and 
some adults also for that matter) do not spon- 
taneously think along lines of logical reasoning 
and usually do not have the remotest concep- 
tion of how to judge scientifically either the 
severity of a pathological process or the prog- 
nostic signs of recovery; their judgement, 


American Journal of Surgery, Volume 95, January, 1958 


therefore, being purely subject to their irra- 
tional fears, unless they understand and trust 
what they are told. The following case serves 
as an example. 


A ten year old boy was hospitalized for a 
moderate knee infection which developed from 
a scratch incurred while playing. His father told 
him he was “taking him to his grandmother’s”’ 
but instead took him to the hospital and left 
him. In spite of immediate response to anti- 
biotic therapy and prognosis of uneventful 
recovery, this child demonstrated marked 
anxiety in his behavior. It turned out that he 
was constantly preoccupied with the fear that 
his leg was going to be cut off. He pointed to 
the fact that he could not walk on that leg, that 
it was swollen and red, and that it had to be 
propped up on pillows in bed; therefore, he 
“‘reasoned”’ that it was going to be cut off. He 
had been afraid to mention this fear of losing 
his leg to any of his doctors, acting on the 
assumption that he might be able to save his 
leg if he just did not mention it. Thus he was 
caught betwixt and between, frightened by his 
own imagination and too frightened to find out 
whether or not it was true. 


In a case of this sort effective help can fre- 
quently be obtained when the nature of the 
fears become known, because the adults upon 
whom the child is dependent may be then able 
to supplant them with realistic facts. This boy 
was rather easily managed; he brought out his 
fears to the psychiatrist who communicated 
this information to the surgical personnel at- 
tending him. The latter then reassured the 
child by explaining to him carefully and in 
detail the nature of his illness, the means by 
which it was being combatted, and the visible 
evidence for his good prognosis. The child was 
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relieved. It should be noted that this boy was 
‘very likely prone to react to hospitalization in 
this manner because of his particular personal- 
ity development and his previous experiences 
in life. Furthermore, the reassurance that he 
received about his specific fear of amputation 
did not cure him of his neurotic tendencies, but 
the important point is that his immediate 
difficulty was relieved nevertheless. It should 
also be mentioned that the supportive and 
realistic attitude of the surgical personnel not 
only won his confidence and admiration but 
also actually established the beginning of a 
different kind of relationship to doctors than 
this child had ever known before. 


PREPARATION FOR HOSPITALIZATION 


The role that a surgical service can play in 
preparing a child for hospitalization and opera- 
tion is necessarily a limited one. An operation 
is only one of many difficult emotional experi- 
ences that a child will have to bear during the 
course of his growth, and his capacity to 
tolerate any of these without developing serious 
neurotic disturbances will depend on the ade- 
quacy of the psychological defenses he has been 
able to develop heretofore. 

The term preparation should be defined. It 
does not mean just telling the child he is going 
to the hospital to have an operation and that 
“he will be all right.” This may be all that can 
be conveyed to the two or three year old, plus 
the reassurance he receives from his parents’ 
attitudes and their frequent visits. However, 
preparation in the older children should consist 
of helping the child to understand what is going 
to happen to him and in partially alleviating 
whatever anxiety he may demonstrate. In order 
to do this one must know something about the 
child’s own particular ideas about separation, 
hospitalization and operation, and also some- 
thing about the fears of the child’s parents, 
because these will almost invariably be trans- 
mitted to the child. 

The situations to be described are typical of 
some of the difficulties which are frequently 
encountered. 


A mother of a four year old boy hospitalized 
for burns stated that he had never been sepa- 
rated from her, even for an evening, and that 
she had never even dared to leave him with a 
baby sitter. She said that she hated hospitals, 
and that she ‘“‘became literally terrified upon 


just entering the door.” The boy was a severe 
feeding problem during hospitalization. 


This mother would have needed considerable 
help herself before she would have been able to 
“prepare” her child for hospitalization even 
if his admission had been on an elective basis. 
Reading booklets or being told what to say 
would have been of little assistance to her. 

Some parents feel that children “just don’t 
understand things,” and that, therefore, they 
should tell the child any sort of “‘benevolent 
fib” rather than attempt an honest explanation. 
Usually the hidden fears of the parents them- 
selves lie behind this kind of attitude. In 
respect to an impending operation, they may 
tell the child “there is nothing to it,”’ but they 
may actually be afraid themselves to find out 
too much about the reality of the situation. 
The result is that the child is virtually pushed 
into the experience all alone, and may then 
find his own meager defenses inadequate to deal 
with the anxiety which is generated. These are 
the parents who in order to get the child to a 
hospital will tell him “‘he is going to the mov- 
ies,” or who, having delivered the child, will 
say they “‘are just going down to the store to 
get him some candy” and then disappear. In 
some instances a child treated in this fashion 
will create havoc on a surgical ward for hours, 
tie up the time of the nursing personnel, refuse 
to eat and require medication to get to sleep. 


A vigorous three year old boy was hos- | 


pitalized by his father in this fashion. For 
several hours he screamed constantly and 
attempted to run out of the ward to the stairs 
that led to the outside. He kept yelling, “My 
father is downstairs; he told me he would be 
there.” The child could be temporarily calmed 
only by being carried and being walked on the 
floor. After requiring constant attention for 
over three hours, he finally attached himself 
to a nurse who was preparing meals and fol- 
lowed her about. This situation probably could 
have been entirely circumvented. 


Some parents misrepresent the facts about 
hospitalization to their children because they 
are afraid to tell them even some of the truth. 
They fear that the child will be unable to 
tolerate the pressure of his own anxiety and 
will “go to pieces” or “become unmanageable.” 
This feeling, although occasionally justified, is 
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usually related to an irrational fear which some 
adults have about children, little boys in 
particular, and active little boys especially. 
These adults feel that a child embodies within 
itself a core of wild, destructive, uncontrollable 
impulses which may unaccountably and at any 
time burst forth in such a powerful manner that 
the most dreadfully imagined devastation could 
ensue. It is to be noted that the preschool age 
child has exactly such unrealistic concepts 
about himself, but his rages are actually help- 
less rages which are frightening to himself, and 
it does not help the child very much when he 
succeeds in scaring his parents. with them too. 


One mother would not allow her three year 
old boy to sleep in a regular bed but kept him 
in a high-walled crib from which he could not 
climb unassisted. She felt. that if he could get 
out of bed alone he might “wander at night 
all over the house and do all sorts of things.” 
This particular child was actually a very in- 
hibited boy and had never shown any destruc- 
tive behavior in the home whatsoever. He was 
obedient and had a mild and pleasing personal- 
ity. These facts, however, did not deter the 
mother’s fear of his potential destructiveness. 


Another kind of parent who would have con- 
siderable difficulty in preparing a child for 
operation is the parent who looks upon the 
medical profession in general with an ambi- 
valent mixture of servility and mistrust. These 
parents stand in awe of what they imagine to be 
the magic power of the doctor to do good or 
evil. Consequently, on the one hand they ex- 
pect the doctor to perform impossible miracles, 
and on the other hand they feel that he has 
deliberately let them down when the miracle is 
not forthcoming. In children this dichotomy is 
often freely expressed. 


A five and a half year old boy with congenital 
exstrophy of the bladder underwent cystectomy 
and epispadias repair. One year previously he 
had had ureterosigmoid transplants which were 
functioning very well, and he had adapted him- 
self to the procedure of anal urination. How- 
ever, he naturally had a strong desire to be 
able to urinate like other boys and he harbored 
a secret wish that this last operation would 
permit him to do so, in spite of the fact that he 
had been instructed otherwise. About a month 
postoperatively he was seen in psychiatric in- 
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terview. He was rather sullen and thoughtful 
and stood by the window facing the new eight- 
story surgical building. “Is that where I had 
my operation?” he asked, pointing out of the 
window. “Yes,” was the reply. He remained 
silent for a moment and then said, “The 
doctors can build such a great big building, 
why couldn’t they make just a little hole in 
my peepee?” 


TRUSTING THE SURGEON 


For a child, trusting a doctor does not only 
mean having faith in his ability and good will, 
it also connotes a feeling of being safe to ex- 
press a certain acceptable amount of fear, 
resentment and dependence. It is almost 
axiomatic to state that if the child is unsure of 
his parents’ attitudes and suspicious of adults 
in general, then the establishment of a trusting 
relationship with his doctor will be a doubly 
difficult task; but even in cases in which a 
parent may be actively (although perhaps un- 
wittingly) opposing such a goal, one may still 
succeed. 


A four and a half year old boy was hos- 
pitalized for a third degree burn on the leg 
and confined to strict bedrest. His father, who 
had had a compound fracture of the leg several 
months previously and who walked with a 
cane, stood by the boy’s bedside and com- 
plained loudly and bitterly about the incom- 
petence of doctors who had not been able to 
“‘cure his leg.” The child, who prior to hos- 
pitalization had depended to a great extent on 
motility as a defense against anxiety, was not 
at all benefited by such proceedings; in fact, he 
withdrew from all contact to an alarming 
degree. However, with some help he eventually 
developed good relationships with his doctors 
and made an adequate recovery. 


The surgeon should be careful about making 
promises to the child, especially regarding the 
prognosis of his illness. If it is at all possible, 
expedient falsehoods should not be utilized as 
methods of avoiding difficult or unpleasant 
situations. Sometimes a child can present such 
a pleading picture that the surgeon may feel 
himself forced by his own compassion to at- 
tempt such a solution, hoping thereby to bring 
some cheer to an otherwise bleak situation. 
This approach will only backfire sooner or later. 
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A nine year old boy was readmitted for sur- 
gery after several previous surgical hospitaliza- 
tions. He over-reacted severely with alternate 
periods of depression and outbursts of furious 
resentment. “‘Last time I was here,” he wailed 
bitterly, “Dr. ___ told me that that was my 
last operation, and now I have to have another 
one!’ The doctor in question had been very 
friendly and helpful to this patient but had 
left the service for a distant city. It is possible 
that the child’s resentment and depression was 
partly due to the absence of the doctor. It is 
also possible that the child had misinterpreted 
the doctor’s actual statement according to his 
own wishes. In any case, the re-establishment 
of a trusting relationship between this child 
and his new doctor was a difficult task. 


This does not mean that one always has 
to tell the whole truth and all of the truth; 
one can tell only a little bit of the truth and 
stop there in those cases in which telling the 
whole truth would be too much for the child 
to tolerate at the particular time. Furthermore, 
it does not do any harm to say, “I do not 
know” if one really does not know, and to 
follow up with some explanation such as, “It 
isn’t possible to tell yet but in so many days or 
weeks I will be better able to tell you.” Or, *‘I 
can find out, perhaps, and I will tell you if 
I find out.” A child’s faith in his doctor is not 
dependent on the doctor’s omniscience, but it 
is in great part dependent on the child’s belief 
in the doctor’s straightforwardness and on the 
latter’s capacity to communicate at a level com- 
mensurate with the child’s understanding. 

In communicating with a child it is helpful to 
learn from the parents the particular words 
that the child uses for the parts of his body and 
his excretory functions, and to not be ashamed 
to say to the child such words as “‘poo-poo” 
or ‘‘wee-wee,” as the occasion requires. An 
understanding communication between the 
child and his surgeon will greatly aid the child 
to regard the surgeon in a realistic sense as 
someone who understands the nature of his ill- 
ness and who is doing whatever he can to help. 

Surgeons, as a rule, are strongly motivated 
to alleviate pain and suffering, and their long 
and arduous training is directed toward carry- 
ing out in each case some specific procedure 
designed to accomplish this end. The surgeon 
is necessarily a perfectionist, otherwise he 
would not be able to develop in himself the 


precision of technic and concentration of effort 
required in modern surgery. Because of this 
he sometimes expects from himself more than 
is humanly possible, and in his own mind 
berates himself for his limitations. However, he 
must realize that his child patients do not ex- 
pect from their relationship with him the same 
exacting perfection that he expects from himself 
at the operating table. In dealing with a child 
the surgeon magnanimously has to throw in, 
gratis, all of his talents and accomplishments. 
The child wants to deal with him as a person 
(a special person to be sure) who can do things 
for him that nobody else can do, but as a per- 
son nevertheless. 

For this reason it is important that a child 
know the name of each surgeon attending him 
and call each by name. A doctor with a name 
can become a meaningful person to a child, 
whereas a doctor with no name becomes rele- 
gated to the vague unknown and, therefore, 
subject to the vagaries of the child’s imagina- 
tion. If possible, the child should know that one 
particular surgeon is his doctor and that noth- 
ing of any consequence will be done to him 
unless his doctor has told him about it first. 
His doctor then becomes his protector also. 
One cannot say, of course, that the child even 
then will not object to certain procedures, but 
there is a vast difference between a child’s 
complaint of discomfort for some minor un- 
avoidable pain and his terror of the unknown. 


A seven year old boy with an extremely fine 
superficial vein structure had undergone several 
surgical procedures in outlying hospitals where 
practically all of his superficial veins had been 
utilized for intravenous procedures and conse- 
quently rendered almost inaccessible for this 
purpose in his current admission. The introduc- 
tion of an intravenous needle was a very 
difficult task and required frequent repetitions 
because of the fragile structure of the veins. 
The child was very fearful of the procedure and 
over-reacted to it, until one particular house 
officer befriended him and fully explained to 
him the true nature of the difficulty. The child’s 
attitude then changed from a cringing nega- 
tivistic resentment to one of interest in the 
proceedings and he was even able to share some 
of the feeling of accomplishment when the 
attempt was successful. He took pride in the 
fact that “it took his doctor minutes 
to get the needle in” and “Boy, he was working 
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hard all of the time.” The procedure thus be- 
came something done for him by someone he 
knew, rather than to him by someone unknown. 


It is probably superfluous to mention that 
the surgeon should try not to show anger or 
exasperation concerning a procedure performed 
on a child. Sometimes this may be unavoidable, 
and at such times it is helpful to say, “I’m not 
mad at you, Johnny, it’s this ‘needle’ or this 
‘tube’ that gets me angry’; otherwise the child 
will tend to feel that the surgeon is angry at 
him and not simply exasperated at the proce- 
dure. Children think that angry doctors or 
other personnel will not take good care of them 
or will do bad things to them. Children are not 
aware of the oath of Hippocrates; they function 
on the principle of “an eye for an eye,” and 
they expect that their own standards will be 
followed by those attending them. 

On a teaching service, where the surgeons 
rotate frequently and where many patients 
have multiple hospitalizations, it is of utmost 
importance that a trusting relationship be 
established. If a child trusts one surgeon, he 
will tend to trust the next one under whose 
care he finds himself. He will develop a feeling 
for the service in general as a place where 
people try to help him. He may be very un- 
happy that he has to be hospitalized and that 
no one seems to be able to cure all of his ail- 
ments immediately. He may blame the whole 
world, and his parents in particular for his 
troubles, but he can be greatly sustained by a 
realistic view of the helpful function of doctors 
in his life and a faith in their good will. 


ANATOMICAL CONCEPTS 


The concepts that children have about their 
bodies are frequently quite bizarre. They make 
up distorted pictures from the scraps of knowl- 
edge they manage to obtain, and they modify 
this knowledge to suit themselves without 
much concern for reality. 


An intelligent five year old girl who was 
hospitalized with burns decided one day to 
stop eating. This child had shown an excep- 
tionally good adjustment to her hospitalization 
prior to this and the rather sudden change in 
her attitude seemed surprising. It turned out 
that she had evolved the following schemata: 
‘**T have two holes in the back of my mouth,” 
she said, “and these holes go right into my 
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head. So if I eat anything it will go into my 
head and give me a headache.” She drew a 
picture which looked like the posterior pharynx 
divided in the middle by the uvula, and said 
that these were the holes that went to her head. 
As it happened, simple explanation was suffi- 
cient to modify her behavior. The origin of her 
idea was not clear. It is possible that she had 
had a headache and had been told, or had 
remembered someone say, ‘‘The headache may 
be due to something you ate.” 

A thirteen year old boy had evolved the 
theory that ‘“‘the nerves were full of blood, and 
so if you bled during your operation it would 
affect your mind because the nerves were 
attached to the brain.” 

A five and a half year old boy admitted for 
adenoidectomy said that the doctor was going 
to cut off his nose in order to take out his 
adenoids because his adenoids were in back of 
his nose. 

A five year old boy briefly hospitalized for a 
bump on the head asked, “‘Is it true that if you 
bleed from your head you will die?” 

A seven year old boy about to be admitted 
for dental work thought that he would be a girl 
when he came out. He drew a picture of a girl 
with a bloody head and indicated that this 
would be he. 


These examples have been cited to demon- 
strate that children actually do ponder over 
the problems of anatomical and physiological 
phenomena, and construct hypothetical sys- 
tems which to their way of thinking is some- 
what reasonable. They usually feel not quite 
certain about these ideas and rarely divulge 
them to their parents. They are quick to sense 
their parents’ embarrassment or reluctance to 
discuss these matters with them, and since 
children are very curious little people and 
eager that their world shall be complete, they 
fill in the gaps themselves. Their perceptions 
are exceedingly sensitive; few things that go on 
in their presence escape their attention, but 
the impressions which are registered do not fit 
themselves into the logical patterns of adult 
thinking. In the child’s mind, for example, two 
contradictory ideas can perfectly well exist 
simultaneously, the power of wish fulfillment 
can deny the evidence of reality, and time 
relationships and spacial orientations can be 
modified to suit the exigencies of the moment. 

It should also be remembered that children 
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will almost invariably have tucked away some- 
where in their minds the notion that hos- 
pitalization is a punishment for being bad. This 
idea may not have been directly stated by the 
child’s parents; that is, they may not have said 
(as some of them do), “If you do that again, 
I’II take you to the hospital and the doctor will 
punish you.” However, such expressions as, 
“Pll knock your head off,” or “T’'ll slap your 
hands off” or “I'll kill you,” are common 
epithets derived from exasperation and freely 
used with children. To a child, a hospital may 
well be a place where such things happen, and 
the doctor the one who does it. Perhaps one 
reason why the fear is not even greater is be- 
cause children have notions regarding the 
reversibility of life’s events; a ‘‘foot chopped 
off” could be sewn on again, perhaps, if the 
child were good and the doctor liked him. 

When one considers on the one hand these 
characteristics of the child’s mental processes, 
plus his basic fears of bodily injury, and on the 
other hand the considerable collection of fan- 
tastic tales which children accumulate about 
doctors and hospitals, it becomes evident that 
children who are about to undergo surgery are 
very much in need of simple and direct ex- 
planations of the actual facts of the matter 
given to them by someone whom they consider 
to be an authority on the subject, and whose 
word they can trust. 


THE POSTOPERATIVE PERIOD 


The postoperative period is a puzzling ex- 
perience for children unless they have been 
given a fairly good idea about its extent and 
the type of procedures that occur therein. Even 
then, the suspicious child will view his condition 
with alarm because it certainly will not seem to 
him that he has been “fixed up” or ‘‘made 
better” as he had been promised. 


An eight year old girl had a stormy post- 
operative course following laparotomy for an 
appendicial abscess and peritonitis. On her 
third postoperative day she still required in- 
travenous fluids for the maintenance of her 
fluid balance and she viewed her current status 
with considerable alarm. ‘The doctor told me 
I was going to be all right in a couple of days,” 
she sobbed, ‘“‘but a couple of days have gone 
by and I’m still sick.”’ She went on to say that 
she was afraid she would never get well because 
she “still had that needle sticking in my arm,” 


and ‘“‘They don’t give me anything at all to 
eat.” The routine of postoperative care of 
laparotomies was carefully explained to her at 
this point. She was skeptical, however, wanting 
to believe the explanation but afraid that she 
was just being placated, and that no one would 
tell her the awful truth. 


Food regulation during the postoperative 
period is a process which the child views with 
considerable interest. The scientific facts rele- 
vant to the necessary fluid and caloric intake 
do not bother a child very much when he him- 
self refuses to eat or take fluids, but when the 
situation is reversed this is another matter 
indeed. Every child has been impressed with 
such formulas as, “If you want to grow up big 
and strong then eat your meat, or vegetables, 
or drink your milk.” It often appears to the 
parent that the constant repetition of these 
phrases makes no impression on children, but 
they do sink in, and postoperatively the child 
displays a great degree of regard for these famil- 
iar homilies. He cannot understand why no one 
offers him any food. It does not matter whether 
or not he wants any; the point is that food 
which makes people healthy and strong is being 
withheld from him. 


An eight year old boy, who was to undergo 
laparotomy the following morning, listened to 
an explanation of postoperative feeding given 
to another patient. He simply could not see 
the wisdom in the gradual assumption of in- 
take, from clear liquids to solid food. ‘‘Now 
how do the doctors know that it is better not 
to have food right after an operation?” he 
asked. ‘‘Why don’t they give you a little bit 
anyways and see if you can swallow it, then 
you'll get better faster.” 


Inasmuch as children are strongly present- 
time oriented, some of them actually feel at 
this time that food restriction is a tacit admis- 
sion that they will not ever get better. It also 
brings out again their latent suspicion that 
hospitalization is really a punishment after all 
(the necessary guilty act is readily supplied by 
their imagination). They may even become 
slightly paranoic about pills and injections, and 
the sort of nourishment that is offered. It is 
often helpful at this time to tell the child the 
names of his pills and medicines and, as closely 
as one can, the anticipated changes in his 
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treatment. Just as in the case of knowing the 
doctor’s name, so the naming of medicines and 
procedures becomes a realistic support about 
which the child can focus his thoughts. The 
exchange of such realistic medical information 
between children as, “‘] take two erythromycin 
pills twice a day,” and “‘I take three vitamin 
pills and they are even bigger,” is a far more 
desirable subject of conversation between the 
children on a hospital ward then some of the 
thoughts that they can make up on their own. 
They have a mutual bond based on the fear 
and the suspicion that is the inevitable con- 
comitant of being in an inescapable situation 
and so rumors germinate and “secrets” are 
kept. They spontaneously use such defensive 
methods as projecting their own fears and 
wishes onto others and they test the adults 
thereby to see what the reactions will be before 
they dare to reveal anything about their own 
thoughts. 


A seven year old boy said the following about 
his five year old neighbor in the adjacent bed: 
“He is happy because he’s going home tomor- 
row, but he doesn’t know that he’s coming back 
for another operation. His mother didn’t tell 
him because she didn’t want to worry him. 
Wasn’t that nice of his mother to do that?” 
This turned out to be strictly bait, aimed at the 
idea of finding out whether he himself was 
being told the truth about his impending dis- 
charge or was merely being placated. 


An eight year old girl was overly worried 
about her condition on the third postoperative 
day. She told tales about an ambulatory ten 
year old girl who did a certain amount of 
blustering on the ward. ‘‘Someone ought to 
watch that girl,” she said. ‘She is going to run 
away from here. She said she was going to walk 
out the door and go home to her mother. That’s 
awful, I don’t want her to say those things.” 
This child wanted to be reassured that her 
own impulses to escape, which she : aia were 
wrong, would not overwhelm her. 


The perpetual cry of the child postopera- 
tively, “When am I going home, doctor?” is 
then a shorthand condensation of a number of 
anxious queries channelled into the simple solu- 
tion of “‘flight.”” The anxiety associated with 
the necessity of checking this impulse can be 
held somewhat in abeyance if the child himself 
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can observe a progressive series of events which 
signify improvement, and a steady progress 
toward the goal of “‘being better.” Procedures 
which are regarded by the child as impositions 
become more tolerable and induce more co- 
operation if he understands them as included 
in a ritualistic progressive system. For exam- 
ple, although the presence of tubes inserted 
into his body may appear to be a matter of 
great concern to him, the child’s objections and 
complaints about it may be much more in- 
volved with his fears than with such discomfort 
or slight pain as may be present. 


An eight year old boy was on constant pan- 
creatic drainage. Occasionally his catheter be- 
came plugged and had to be replaced. During 
one replacement he was observed to cry out 
with pain and demonstrate signs of consider- 
able distress. A few minutes after the procedure 
was completed, however, he said, “You know, 
it doesn’t really hurt, but it’s just that awful 
idea of having a tube stuck in me.” 


One can never anticipate all the questions 
that a child will ask about his illness, nor can 
one anticipate the particular matters upon 
which he will focus his anxiety. The following 
Is a case in point: 


A seven year old boy was hospitalized for 
repair of a complete epispadias. He had been 
well prepared for this procedure, and knew 
that when he woke up from his operation he 
would have bandages over his lower abdomen 
and a little rubber tube in his penis which 
would stay in for about ten days. He knew he 
would have a certain amount of discomfort 
and pain at the operative site, and the matter 
of fluid and food intake had been discussed 
with him. He was a model patient, and made 
a rapid and excellent recovery. However, the 
anticipated operative procedure was modified 
in one minor way. An elastic band was attached 
to the penis and fixed to a bridge on the pa- 
tient’s thigh. In spite of the fact that this repre- 
sented just a variation in bandaging technics, 
it became of enormous importance to the child; 
here was a big taped bridge on his thigh and a 
mysterious elastic band, and no one was going 
to convince him that this was just a special 
kind of bandage which the doctor had made 
for him in order to make his penis as long as 
possible. He repeatedly asked about the bridge 
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and the elastic and wanted to know if “‘they 
would be taken off too, when the rubber tube 
was taken off.” 


There is a further point which is notable 
about this case, and that is that this child 
focused much of whatever little anxiety he did 
show on the elastic band and complained very 
little about anything else. This phenomenon 
might be termed “‘effective displacement” and 
can be seen in practically every child surgical 
patient as a spontaneous, self-defensive ma- 
neuver. Children will close their minds away 
from anxiety-laden areas and focus their minds 
onto less frightening ones. A frequent pattern 
noted is that in which children with abdominal 
operations will ignore the operative site and 
complain only about such things as “needles” 
or “IV’s.” It is usually only after at least 
several days have passed and they are well 
along in recovery that they will speak of the 
abdominal operation itself. 


A four year old boy was in his third post- 
operative day following appendectomy. The 
bandage on his abdomen was about 10 inches 
square and was quite noticeable as he sat in 
bed with his gown pulled up. When asked 
what was the matter, he pointed to an almost 
invisible red speck on his left ankle and said 
that he had a sore foot because someone had 
stuck a needle in there. He denied on further 
questioning that anything else was wrong and 
continued to call attention to his foot. 


Following extensive abdominal surgery, an 
eight year old boy demonstrated a similar dis- 
placement of attention to the site of intra- 
venous insertion. Although given ample oppor- 
tunity, he did not mention the abdominal area 
until seven days had passed, at which time he 
called attention to the fact that “he had a little 
itch at the end of his bandage.” 


THE CONVALESCENT PERIOD 


In response to the perpetual query, “When 
am I going home?” the child invariably re- 
ceives the response, “When you are all better.” 
If he is completely recovered on discharge, then 
well and good, but children who require mul- 
tiple procedures or children who are discharged 
as early as possible to convalesce at home can 
obviously see that they are not “‘all better.” 
They may be delighted about this move just 
the same since they never wanted to come to 
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the hospital and would have preferred to man- 
age their illnesses with the magic of denial and 
wish fulfillment. However, sometimes one meets 
a situation such as the following: 


A four and a half year old boy, hospitalized 
for six weeks because of third degree burns, 
had made a good adjustment during the latter 
half of his hospitalization after an initial period 
in which he suffered a severe regressive with- 
drawal. With the aid of special attention, he 
became quite cognizant of the progress of his 
recovery and took an active interest in each 
step of his treatment. Because of a shift in 
surgical personnel in charge of the ward and 
the pressure of finding beds for new patients, 
he was discharged rather suddenly without 
opportunity for adjustment to this move. When 
his mother appeared for the regular afternoon 
visit, she told him he was a!lowed to go home. 
To the amazement and embarrassment of his 
mother, he raised a considerable fuss and re- 
fused to go home. It turned out that he reasoned 
as follows: “he was going home when he was 
all better and he could see that he wasn’t all 
better.” He went on to indicate that if he went 
home at this time his improvement would 
progress no further and he would always remain 
in his present state. When it was explained to 
him that “his new skin could grow back at 
home, just as well as it grew in the hospital, 
that he would be coming back every week to 
see his doctors, and that the visiting nurse and 
his mother could help him with the exercises 
that made his legs grow strong,” he picked up 
his little bag and without further ado wheeled 
off down the corridor. 


In cases in which a part of the body has been 
removed, one may encounter a rather tenacious 
attachment to the lost part, because children 
consider their bodies to be their own exclusive 
property and resent the fact that anyone should 
deign to remove something even if it is de- 
scribed as “‘bad” or “diseased.” Changing the 
“bad part” to a “‘good part” is one thing, but 
removing the part is another. If the child be- 
comes somewhat reconciled to its removal, he 
at least expects it to be well cared for. Some- 
times the removed part becomes almost 
invested with a life of its own. 


A seven year old boy had undergone cystec- 
tomy. He expressed considerable concern about 
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the fate of his bladder. “‘Where is my bladder 
now?” he asked. “What are they going to do 
with it? Are they going to burn it or cut it up? 
Will they put it in a bottle? Would they let 
me see it? I’d like to see it. Maybe there will 
be other bladders in the bottle too, and I won’t 
know which is mine.” 


The loss of the appendix is perhaps an excep- 
tion to this case, since the appendix has ac- 
quired the social status of being merely a 
superfluous burden. However, one should be 
aware of the possibility that the child may have 
been misinformed about the functions of the 
appendix. 


A ten year old girl was describing the recent 
operation of her playmate. “She had her ap- 
pendix taken out and that’s too bad.” When 
asked why she took such a dim view of this 
procedure, she replied, ‘‘Well, everybody 
knows that if you have your appendix out, then 
you can’t ever have any babies.” 


Children with structural or functional modi- 
fications involving diversion of urine or feces 
will frequently attempt to completely disregard 
the modification, hoping that it will disappear 
if they just ignore it. They will cling to this 
forlorn hope in spite of its obvious unreality, 
and without regard for the reprimands and 
punishment they may receive for not conduct- 
ing their excretory functions in a manner com- 
mensurate with the requirements of their new 
anatomical state. “They can do this to me but 
they can’t make me accept it”’ is the rebellious 
theme which hampers the necessary adjustment 
to the treatment. The child will enforce his 
Opposition with a seeming indifference that 
frequently simulates sensory loss from the area 
involved and causes the parents to worry the 
surgeons continually because they think the 
child does not “feel anything there,” and 
therefore cannot properly dispose of his excre- 
tions. Children with congenital deformities of 
the excretory apparatus or cases involving 
deflection of secretions into channels other than 
the normal paths need a good deal of help, not 
only in learning to accept these new specific 
requirements of their bodies but also in finding 
means for compensatory activities in life so 
that their natural talents and energies do not 
become deflected and bound by a state of fear- 
ful embarrassment, hatred of self and others, 
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and a hopeless resignation which prevents them 
from obtaining the level of achievement of 
which they are capable. 


COMMENTS AND RECOMMENDATIONS 


The use of explanatory measures in alleviat- 
ing the anxiety of the child undergoing surgery 
has appeared to be most effective when the 
reassurances have come from both the surgeon 
and the psychiatrist. The psychiatrist alone 
can make contact with the child and learn the 
content of his fears, but the reassurances of the 
psychiatrist alone to the hospitalized child are 
sometimes insufficient. The child knows that 
the psychiatrist is not the authority on the 
surgical ward and that the psychiatrist ‘‘does 
not know how to do operations.” Therefore, 
although the child may understand the ex- 
planations given to him about his illness, he 
needs the corroborative, authoritative testi- 
mony of his surgeon before he will completely 
accept it. Otherwise, the child may feel that 
this is nice talk, but it is meaningless if the 
surgeon does not agree. 

Most patients do not need the direct inter- 
vention of the psychiatrist. Effective preven- 
tive psychiatry can be taught to the surgeon in 
training and be practiced by him during his 
regular care of the child. The removal of a part 
of the body, or even the repair of a recognized 
defect, can leave the vulnerable child with a 
sense of incompleteness and a feeling of inade- 
quacy or ineffectuality which may gnaw at his 
inner feelings for the rest of his life. This fact 
may hold true even when the removal of 
organs has had a salutary physiological effect 
and when the repair has unquestionably 
strengthened the previously defective tissue 
structure. It should be pointed out, however, 
that this does not necessarily mean that the 
operation is the etiological factor of the dis- 
turbance; it simply means that some children 
have acquired potentially vulnerable psychic 
systems which can be triggered off by a fright- 
ening experience. This is just another fact about 
the child undergoing surgery that has to be 
taken into consideration, similar to the fact 
that the outer skin contains potentially patho- 
genic bacteria which for all practical purposes 
can never be washed away entirely, but which 
at best can only be removed in logarithmic 
progression, leaving some of their number 
always behind. This knowledge has not de- 
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terred the surgeon from practicing aseptic 
surgery; on the contrary, with the aid of his 
knowledge of bacteriology, he has developed 
methods which have reduced the occurrence of 
wound sepsis almost to the vanishing point. A 
similar challenge is now presented in the cases 
of emotional traumas which may accompany 
surgical procedures. 

With this end in view, the following recom- 
mendations are tentatively offered: 

1. A surgical service in a teaching children’s 
hospital should have available the consultation 
services of a department of child psychiatry. 

2. Surgical residents in training should have 
regular instruction in those principles and 
technics of child psychiatry which are specifi- 
cally applicable to the surgical patient. This 
instruction should be carried out by regular 
meetings with members of the psychiatric staff, 
and should consist of free and open discussions 
centered about actual case presentations. The 
emphasis should be placed on free discussion 
rather than on formal lectures. Inasmuch as 
psychiatric technics, like surgical technics, are 
learned in the field of operations rather than 
in the lecture hall, children selected for discus- 
sion should be chosen from currently active 
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cases so that the resident will have the oppor- 
tunity to gain personal experience in manage- 
ment of the child. 

3. Studies should be made of methods by 
which the vulnerable child may be detected 
prior to hospitalization and procedures devised 
for special management of these cases whenever 
possible. 

4. Trained personnel should be available to 
assist needful parents in managing the prob- 
lems arising from the child’s hospitalization. 

5. Special follow-up care should be pro- 
vided for those cases in which the mental atti- 
tude of the patient is an effective factor in his 
rehabilitation. 


SUMMARY 


Psychiatric management of the child under- 
going surgery has been discussed with reference 
to preparation for hospitalization, personal 
relationship to surgeon, and management dur- 
ing postoperative and convalescent periods. 
Particular emphasis has been placed on the 
communication of realistic information to the 
child and his parents, and the necessity for 
close teamwork between surgeon and psy- 
chiatrist in the attainment of this goal. 
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Pe Fractures of the Lower End 
of the Radius 


O. C. Hupson, m.p., Hempstead, New York, AND T. J. RusNack, M.D., Syosset, New York 


From the Orthopedic Service of Meadowbrook Hospital, 
Hempstead, New York. 


COMMINUTED fracture of the distal end of 

the radius in adults requires special treat- 
ment. The usual closed method of treatment is 
often inadequate. A deformity at the wrist 
follows inadequate closed treatment of this 
fracture. This deformity is a radial deviation 
of the hand, prominent ulnar styloid and loss 
of motion particularly in rotation. 

We believe that comminuted fractures of the 
distal radius can heal only by shortening of the 
radius. This shortening disrupts the distal 
radioulnar joint and decreases the ulnar tilt 
of the articular surface of the radius. Now 
radial deviation of the hand occurs with promi- 
nent ulnar styloid. To obviate this disabling 
deformity at the wrist, treatment of fresh 
comminuted fractures of the distal radius was 
by resection of the distal 1 inch of the ulna. 
Closed reduction of the radius was then 
performed. 

This report is an evaluation of some of the 
cases. 

During 1954 to 1955, 134 patients with 
fractures of the distal radius were treated at 
Meadowbrook Hospital. Thirty-nine patients 
(29.3 per cent) had undergone primary resec- 
tion of the distal ulna. Twenty four cases were 
available for evaluation in the follow-up clinic. 
One patient had bilateral resections of the 
distal ulna giving a total of twenty-five cases 
for study. 

Ages varied from twenty-eight to seventy- 
eight years. Three patients were under forty 
years of age. There were fourteen women and 
ten men. There were twenty fractures on the 
left side of the wrist and five on the right side. 
All fractures except one were the closed type. 
All twenty-five fractures were in the distal inch 
of the radius with moderate to severe com- 
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minution. A variable degree of deformity with 
impaction, shortening, usually dorsal angula- 
tion, or radial shift occurred. There were two 
cases of volar angulation. X-rays demonstrated 
the fracture lines extending into the radiocarpal 
joint in eleven patients and into the radioulnar 
joint in seven. The ulnar styloid was broken 
in thirteen. 

Figures 1 through 5 are representative x-rays 
of the original fracture and end result in three 
cases. 


TREATMENT 


All operations were performed under general 
anesthesia. Lateral skin incision was made over 
the ulnar head and subperiosteal dissection of 
the distal ulna performed. One inch of the ulna 
including the ulnar styloid was resected. The 
periosteum was not closed. Skin and sub- 
cutaneous tissue were approximated in one 
layer by two or three interrupted sutures. 
Closed reduction was then performed on the 
radius. A long arm cast was applied with the 
elbow at 90 degrees of flexion, the hand in full 
supination and the wrist in either neutral or 
slight flexion. 

The patient remained in the hospital for 
three days unless there were associated in- 
juries; he was not discharged with marked 
swelling in the hand. 

Finger and shoulder exercises were instituted 
immediately after reduction. The exercise 
regimen must be done hourly throughout the 
day and the patient must exercise each joint 
through a full range of motion twenty times 
every hour. 

The plaster was changed between the sev- 
enth to the tenth day. If the postreduction 
x-ray showed an unsatisfactory position, the 
plaster change was performed under general 
anesthesia. A second reduction of the radius was 
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Fic. 1. J. B., a sixty year old white man, sustained a comminuted fracture of 
the distal radius. There is dorsal angulation with the fracture lines extending 
into the radiocarpal and radioulnar joints. 


Fic. 2. J. B., eleven months Iater. The fracture has solidly healed with dorsal 
angulation of the radial articular surface of about 10° to 15°. The tip of the 
ulna styloid is asymptomatic. Excellent result clinically. 
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Fic. 3. A and B, a fifty-five year old white man, C. S., sustained a comminuted 
fracture with dorsal angulation and shortening of the radius. C and D, twenty- 
two months later. The radial articular surface is neutral; slight tapering of the 
ulna stump. Excellent result clinically. 
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Comminuted Fractures of Lower End of Radius 


Fic. 4. A. P., A sixty-six year old white woman, sustained a badly comminuted 
fracture of the radius with impaction, radial deviation and dorsal angulation. 


Fic. 5. A. P., twenty months later. The radial articular surface faces volar- 
ward 5°. The ulna stump tapers moderately. Excellent result clinically. 
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performed, the wound examined and sutures 
removed. The cast was then changed as neces- 
sary. Active exercises were continually empha- 
sized. The total period of plaster immobilization 
was ten to twelve weeks. One patient was im- 
mobilized in plaster six weeks and another 
fifteen weeks. A short arm cast at times was 
employed for the final few weeks of immobiliza- 
tion. Most of the fractures demonstrated good 
bony union radiographically at the end of 
twelve weeks. 

After the plaster was removed the same 
exercise program was continued. Warm soaks 
to the wrist and hand were instituted at home. 
Passive motion was never advised. Active 
motion only was emphasized. 


RESULTS 


The patients were evaluated from a subjec- 
tive, objective and radiographic standpoint. 

Subjective Analysis. All patients were ques- 
tioned as to pain, appearance of the wrist, 
weakness, performance of occupation, ache in 
the wrist from continued use or performing 
heavy work, ache on rainy days, hypesthesia 
and dysesthesia in the hand. 

Of the twenty-five patients, ten had no com- 
plaints whatsoever and each considered his 
wrist just as good as before the injury. They 
were rated as excellent. 

Ten patients had one minor complaint each. 
They experienced a mild ache in the wrist from 
continued use or performing heavy work. 
Others admitted to an ache on rainy days. All 
were pleased with their wrist and were not dis- 
abled. These patients were rated very good. 

Two patients had two minor complaints 
each—mild pain from prolonged use or per- 
forming heavy tasks and a mild ache on rainy 
days. These patients were well satisfied with 
their wrist. They were rated good. 

Three patients had pain in the wrist of 
sufficient degree to interfere with the good 
performance of either occupational or house- 
hold duties. All complained of weakness in the 
wrist and hand with pain. One patient experi- 
enced dysesthesia along the ulnar border of 
the hand. These three unsatisfactory cases will 
be discussed further under objective findings. 

Clinical Evaluation. The following points 
were stressed on examination of each patient: 
(1) range of motion in the shoulder, elbow, 
wrist and hand; (2) deformity, stability and 
tenderness about the wrist; (3) muscle power 
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of the wrist and hand; (4) sensory examination 
of the hand (response to touch and pin prick); 
and (4) painful click on forced rotation (supina- 
tion and pronation) of the hand. 

The ten patients rated excellent from a sub- 
jective standpoint had almost normal findings 
on clinical examination. There was a full range 
of motion by comparison with the opposite 
limb at the shoulder, elbow, wrist and hand, 
including pronation and supination. There was 
no deformity at the wrist. Stability was con- 
sidered equal to the contralateral side. Power 
of the hand grasp and of the wrist flexors, ex- 
tensors, medial and lateral deviators were 
within normal limits. On forceful rotation of 
the hand no pain was elicited. Touch and pin 
prick sensation was normal. 

Of the ten patients who were rated very good 
on subjective evaluation, normal findings on 
clinical examination were noted in eight. Two 
patients had mild loss of motion in either 
flexion or extension at the wrist which was 
estimated under 15°. All had full pronation 
and supination. 

Two patients classified good subjectively 
showed the following positive findings on ex- 
amination. One patient had 25 degrees loss of 
extension and another 40 degrees loss of exten- 
sion at the wrist, and both exhibited a moderate 
step-down deformity at the distal end of the 
radius. The former case was a “Smith” type 
fracture that was reduced adequately, but lost 
position during a plaster change while the pa- 
tient was under general anesthesia. The latter 
case was overcorrected at the time of original 
reduction. 

Despite loss of wrist extension these patients 
showed a full range of pronation and supination 
with normal muscle power and stability in the 
extremity. ‘ 

The three patients with multiple complaints 
who were rated unsatisfactory showed the fol- 
lowing on investigation. 


Case. A forty-two year old white woman, 
had not returned to work eight months after 
injury. She complained of pain and weakness 
in the wrist. There was no deformity at the 
wrist. Moderate tenderness was present over 
the amputated end of the ulna. Passive rotation 
of the forearm produced a painful click or snap 
in the wrist. The wrist showed approximately 
a 20 degrees loss of extension and flexion with a 
slight loss of ulnar and radial deviation. The 
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range of motion in the shoulder, hand and 
elbow was normal. The hand grasp, wrist 
flexion and extension were slightly weaker than 
the opposite side. X-ray taken nine months 
later showed good bony union of the fracture 
of the radius. The radial articular surface faced 
dorsally about 5 degrees. Osteoporosis was 
evident. On analysis of the findings, the pa- 
tient’s disability was primarily due to pain on 
rotation of the forearm. We interpreted the pain 
as due to a tendon slipping over the amputated 
end of the ulna. This could be either the flexor 
or extensor carpi ulnaris. 

Treatment consisted of one infiltration of 
hydrocortisone (intra-articular preparation) 
applied locally. Two weeks later the patient 
was markedly improved. The pain had been 
relieved although the click could still be 
elicited on rotation. This clicking was no 
longer painful. She returned to her former 
occupation as a sales clerk and when last seen, 
two months after treatment with hydrocorti- 
sone, she had no complaints. This case, follow- 
ing treatment with hydrocortisone, was rated 
as good. 


Case A_ sixty-three year old white 
woman, was unable to perform her household 
duties because of pain in the wrist. Examination 
revealed a normal shoulder, elbow, and hand 
including rotation. No deformity was present 
at the wrist. Mild atrophy was present in the 
forearm. The amputated end of the ulna was 
tender, and a painful click was present on forced 
rotation. Hyperesthesia to touch and pin prick 
was localized to the ulnar border of the dorsum 
of the hand. The patient had neuralgia of the 
dorsal branch of the ulnar nerve. Range of 
motion at the wrist was equal to the contra- 
lateral side. She improved following the local 
infiltration of hydrocortisone into the region 
of the amputated ulna. Pain on rotation was 
reduced but the click was slightly annoying. 
Neuralgia was untreated. The patient was lost 
to follow-up. 


Case ul. A sixty-seven year old white 
woman, had a badly comminuted fracture of 
the radius. The reduction was good and the first 
cast was changed on the sixteenth day. X-rays 
revealed a complete loss of the original reduc- 
tion with dorsal angulation of about 40 degrees. 
The fracture healed in that position. Twenty 
months later she still complained of pain, sore- 
ness, and weakness in the wrist. Examination 
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showed deformity of the wrist. There was 
prominence of the radius to palpation on the 
dorsum of the wrist. Tenderness was present 
over the radiocarpal joint, the amputated end 
of the ulna and in the gap remaining where 
the ulnar styloid had been. Forceful passive 
motions were painful on extension and flexion, 
and rotation movements were less painful. 
The hand grasp was slightly weaker. Sensation 
was normal. Passive range of motion showed a 
loss of 50 per cent flexion, ulnar and radial 
deviation, but normal extension. This patient 
was so dissatisfied with her wrist that she 
refused to submit to an x-ray examination. 
X-rays taken twelve weeks following injury 
showed moderately advanced osteoporosis and 
narrowing of the radiocarpal joint with begin- 
ning arthritic changes. There was dorsal angu- 
lation of the radial articular surface of 40 de- 
grees. X-ray findings would explain the poor 
end result. 


RADIOGRAPH EVALUATION 


Three items were of interest: (1) arthritic 
changes secondary to the fracture; (2) the 
dorsal or volar tilting of the radial articular 
surface; and (3) the regeneration of the ulna 
after excision. 

Eleven fractures extended into the radio- 
carpal joint. Eight patients had some dis- 
turbance or irregularity of the articular surface 
with narrowing of the joint. One patient (Case 
11) had a severe irregularity. 

The tilt of the radial articular surface was 
not measured. DePalma [1] gives the normal 
volar tile of 11 degrees on the average but with 
a range from 1 degree to 23 degrees. A correla- 
tion between the loss of wrist motion and the 
tilting of the radial articular surface was not 
possible. The wrist was able to compensate 
better for the deformity of dorsal tilting than 
volar tilting. 

Significant regeneration of the ulna was 
lacking on the radiographic film. Fifteen pa- 
tients had a slight to moderate tapering of the 
amputated end of the ulna. This was not con- 
sidered adequate regeneration of the ulna. 
Dingman [2], in analyzing twenty-four cases 
of late resection of the distal ulna concluded 
*« |. . that the best results were obtained in 
cases where the process of regeneration was so 
active, that there was little final discrepancy in 
the length of the radius and ulna.” Our good 
results were totally lacking regenerated ulna. 
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The Essentials of Modern Surgery. Edited by R. M. Handfield-Jones, 
M.C., M.S., F.R.c.S. and Sir Arthur E. Porritt, K.c.M.G., C.B.E., M.A., M.CH., 
F.R.c.S. Fifth edition, 1,276 pages, 649 illustrations, many in color; index. 
Baltimore, 1957. Williams & Wilkins Co. Price $14.00. 


Atlas of Eye Surgery. By R. Townley Paton, m.p., F.A.c.s., Clinical 
Professor of Ophthalmology, New York University School of Medicine; 
and Herbert M. Katzin, M.p., F.A.c.s., Associate Surgeon, Manhattan Eye, 
Ear and Throat Hospital. Daisy Stilwell, Illustrator. 248 pages, 463 illus- 
trations, with an index and notes on instruments. New York, 1957. 
McGraw-Hill Book Co., Inc. Price $15.00. (This manual was planned 
primarily as a guide to the resident surgeon in the department of oph- 
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Extended Relief of Tic Douloureaux 
by Physical Therapeutic Measures 


Harvey E. BIL, Jr., m.p., Los Angeles, California 


From the Billig Clinic for Physical Habilitation, Los 
Angeles, California. 
XTENSIVE anatomic, experimental physio- 
logic, and clinical studies have been car- 
ried out concerning the etiological neuronal 
mechanism for cephalic neuralgias, including 
trigeminal neuralgia (tic douloureaux), occipital 
neuralgia, glossopharyngeal neuralgia, “‘atypi- 
cal facial neuralgia,”’ etc. [1]. There seems to be 
a general belief that these neuralgias are in 
some way connected with aberrant function of 
the cervical sympathetic cephalic autonomic 
nerve supply in conjunction with the somatic 
nerve supply (e.g., trigeminal). Many instances 
of lesions associated with these cephalic neural- 
gias have been reported including tonsil, dental, 
central neurologic, cranial and extracranial 
tumors and aneurysms, cervical traumatic 
lesions of the neck, etc. The exact nerve path- 
ways by which the pain travels has not been 
settled. The thought has been proffered that 
the corresponding nerve segment level of the 
central nervous system is hyperactivated by 
increased afferent visceral autonomic stimuli, 
giving rise to stimulus of the somatic nerves 
of that segment and hence referred pain. 
Another suggested explanation has been that 
increased efferent visceral or autonomic stimuli 
bombard the peripheral structures reducing 
the threshold to stimulation for the afferent 
somatic sensory nerves which then carry the 
sensation to the brain. It has also been proposed 
that the visceral autonomic and the somatic 
nerve fibers transfer their stimuli by interaction 
when running in the same nerve. 

In 1872 Mitchell [2] described a condition of 
peripheral burning pain ‘‘wearing the indi- 
vidual out” both physically and nervously, fol- 
lowing partial peripheral nerve severance 
lesions (most commonly of the median or 
sciatic nerves). These burning pains have since 
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come to be known as causalgias and include a 
wide variety of conditions such as major and 
minor causalgias, Raynaud’s disease, Sudeck’s 
atrophy, painful osteoporosis and various 
cephalic neuralgias including tic douloureaux. 
Leriche [3] pointed out the value of sympa- 
thectomy in these cases and many investigators 
have since compiled an extensive literature on 
the subject without, however, confirming the 
exact mechanism of sensory pathways by which 
these neuralgias are produced. Perhaps the 
situation can best be summed up by the com- 
ments of the editors in the 1954-1955 Year 
Book of Neurology, Psychiatry and Neuro- 
surgery in the review of an article by Jensen [4]. 
“There is no more causal rationale for this 
therapy than for any conservative or operative 
treatment of trigeminal neuralgia.” 

In a discussion of referred pain, Kuntz [1] 
reviews instances of cephalic pain produced 
by the irritation of deep structures in the 
cervical and basioccipital segments. 

The recognition that fibrous connective tissue 
plays an active and not a passive role in physio- 
logical function of the body has been stimulated 
by the vast studies of steroid metabolism first 
brought into wide recognition by the Mayo 
Clinic report [5] at the Seventh International 
Congress on Rheumatic Diseases (May 31, 
1949). 

The enzymatic chemical discovery of the 
gluing together of connective tissue under the 
influence of hyaluronic acid, counteracted by 
hyaluronidase [6], has led to the wide use of 
hyaluronidase in the correction of contrac- 
tures of fibrous tissue. 

As early as 1926 Hisaw [7] wrote about the 
dynamic shortening and lengthening of fibrous 
tissue in relation to the variation of the 
metabolic state. 

Chamberlain [8] measured the tightening 
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and loosening of fibrous tissue in relation to the 
phases of the menstrual cycle. 

Each unit of the nervous system is sur- 
rounded by a fibrous sheathing (e.g., neuro- 
lemma) growing more extensive as groups of 
units are in turn surrounded by their intercon- 
nected fibrous sheathing compartmentation. 
Each unit of muscle is surrounded by its 
fibrous sheathing (e.g., sarcolemma) to in turn 
grow more extensive as groups of units are 
surrounded by their interconnected sheathing. 
As the muscle fiber broadens in contraction 
and narrows in relaxation its surrounding 
fibrous sheathing alternately stretches (dis- 
tends) and contracts (shortens) to accommo- 
date the change in size. 

Campbell and Parsons [9] discuss the cervical 
sympathetic etiological connection between 
head pain and post-traumatic fibrous tissue 
disability in the neck. 

Through skin action potentials measure- 
ments (electrodermatometry), Zach [zo] has 
shown a sympathetic-parasympathetic (ergo- 
trophic-trophotrophic) regional segmental im- 
balance which follows the original thesis of 
autonomic balance proposed by Langley [17]. 

The importance of injuries to the neck as a 
source locale in the production of pains in the 
head was first called to my attention in 1934 by 
the orthopedic attending doctor, Sumner Rob- 
erts, at Massachusetts General Hospital. Dr. 
Roberts had been giving special attention to 
traumatic injuries to the neck, carefully ana- 
lyzing with roentgenograms the problem of 
partial dislocations (subluxations) and disloca- 
tions of the facets. He pointed out the extreme 
importance of these dislocations, and called 
attention to the symptoms resulting therefrom 
including residual head pains. Since that time 
my attention has been focused on this subject. 
During World War 11, as a Commander with 
base assignment at the California Institute of 
Technology for research on nerve physiology, 
it was called to my attention by the Naval 
Surgeon General, Admiral Ross T. McIntire, 
that pilots landing on carriers were subjected 
to a considerable forward whip of the head and 
neck concomitant with the sudden deceleration 
of the plane; and when undergoing catapult 
take-offs the pilots were subjected to a con- 
siderable backward whip of the head and neck 
concomitant with the acceleration. Signs and 
symptoms of interference with the nerve path- 
ways subsequent to these injuries included lack 
of coordination in body positioning and various 
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autonomic cervical sympathetic signs of neu- 
ralgias, dizziness, headache and distortions of 
vision type in the head. Considerable research 
and evaluation soon led to a nearly complete 
elimination of these injuries to the neck by 
means of two simple and effective measures: 
one being the placement of head rests in the 
planes to prevent the backward whip of the 
head and neck; the other being the training of 
the pilot to hold his head and neck in a forward 
and downward position with the chin on the 
chest just the moment before “hitting the 
cables” to prevent the sharp forward whip 
when the plane together with the body of the 
pilot is decelerated. With the advent of speed 
and congestion on the highways there have 
been innumerable rear-end collisions, during 
which the necks of the occupants of the cars 
are frequently subjected to either forward 
and/or backward whiplash injury, furnishing 
a large case volume for data evaluation of the 
resultant symptomatology. 

I have previously reported [12] the incidence 
of head pains (facial neuralgias including tic dou- 
loureaux) related to injuries to the neck and 
mentioned their similarity to the causalgia state. 

Twelve hundred fifty patients with cephalic 
pains following severe neck injuries are pre- 
sented, including twenty-seven cases of suffi- 
cient criteria [11] to be termed tic douloureaux. 
“Whiplash” or “crack the whip”’ injuries to 
the cervical area from rear-end auto collisions 
were a frequent source of the trauma. This 
series has been selected over the years to 
include no patients with direct trauma to the 
head or other intra- or extracranial etiological 
pathologic conditions. A careful analysis was 
made to determine the subjective complaints, 
objective signs, means of exacerbation of symp- 
toms and signs and means of alleviation. 
Symptoms were burning, aching or cutting 
pain in one or more of the areas of distribution 
of the cranial (frequently one of the divisions 
of the trigeminal) or cervical plexus, or greater 
or lesser occipital nerves together with a fre- 
quent “blurred” and/or “distorted’’ vision 
even though refractive errors had been cor- 
rected. Immediate symptoms following injury 
were usually not dramatic but were followed 
in six to forty-eight hours or more by the onset 
of pains in the neck, “stiffness” and cephalic 
pain. Objective signs of cervical muscle spasm 
and in some cases fasciculation type of muscle 
twitchings and limitation of cervical motion 
were noted. 
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In the somatic nerve branch region of the 
neuralgia there were signs of increased visceral 
sympathetic activity including vasoconstric- 
tion and cold, clammy hidrosis. Frequently 
there was unilateral dilation of the pupil of the 
eye [13] but not necessarily on the side of the 

neuralgia. When a slowly applied, strong, 

rotatory (torsion) pressure was placed on the 

head and neck, the cephalic pain (neuralgia) 

was markedly exacerbated and a unilateral 

mydriasis exacerbated, together with increase 

of the vasoconstriction and sweating. Electro- 

encephalograms were not obtained in all cases, 

but when obtained were found to be uniformly 

normal. Electromyographic study of muscles 

supplied by the cranial, cervical plexus, brachial 

plexus and upper thoracic intercostal nerves 
revealed hypersensitivity and complex motor 
unit wave forms [14] arising within several 

hours of the injury, followed in five to seven 

days, in some cases, by the appearance of 
denervation fibrillation wave forms. The latter 
disappeared in nearly all instances in six to 
eight weeks [14]. The complex motor unit wave 
forms persisted in many cases for many months 
but usually subsided to simple motor unit wave 
forms within twelve to sixteen weeks [14]. 

It was decided that a careful but firm attempt 
be made to remobilize the neck by loosening 
the constricting fibrous connective tissue 
sheathings which had responded by contrac- 
ture to the strain of the injury. This was accom- 
plished by means of repeated (three times 
daily), accumulative distension traction (forced 
rotation of the head and neck [12,13,15]) car- 
ried past the point of restriction but yet short 
of the point of further tearing of the fibrous 
tissue fibers. It was found that hexamethonium, 
chlorpromazine, pro-banthine® and other auto- 
nomic blocking agents exercise a degree of 
control of the symptoms and hence were of aid 
in the progressive mobilization. A marked to 
total degree of relief was obtained in all cases, 
including the trigeminal neuralgias, by the 
end of three months’ treatment. 

The start of the mobilization in many cases 
was of necessity delayed for several months 
following injury in those instances in which a 
sufficient avulsion of facet joint ligaments 
allowed a subluxation or dislocation to occur. 
In these latter cases a Thomas collar was ap- 
plied, adjusting the anterior-posterior height 
of the collar to hold the neck in the position 
necessary to prevent the facets from sliding 
into the subluxation or dislocation. This al- 


Extended Relief of Tic Douloureaux 


Fic. 1. Lateral roentgenogram of cervical spine in 
“neutral” position as assumed by patient. Posterior 
margins of bodies of second, third, fourth and fifth 
cervical vertebrae are etched with ink demonstrating 
proper alignment. Compare with Figures 2 and 3. 


lowed the facet joint ligaments to “‘tighten 
down” in healing so as to prevent a permanent 
facet joint instability with recurrent subluxa- 
tions. (Figs. 1 to 4.) Repeated checks with 
roentgenograms taken in lateral projection 
with the head and neck in neutral (Fig. 1), 
maximum forward thrust (Fig. 2) and maxi- 
mum backward thrust (Fig. 3) positions were 
used to determine the amount of subluxation 
and to follow the progress of healing of the 
facet joint ligaments. Frequently the tightening 
of the fibrous sheathing of the nerve fibers, 
blood vessels, muscle fibers, fascia! sheathings, 
ligamentum flavum and other fibrous tissue, 
during the period of Thomas collar immobiliza- 
tion, became so pronounced, with production 
of increasing cephalic pain, that the collar was 
removed several times weekly for gentle passive 
torsion mobilization loosening stretchings. How- 
ever, these were carried out in a manner so as 
not to place a strain on the facet joint liga- 
ments [14]. (Fig. 5.) The mobilization loosening 
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Fic. 2. Lateral roentgenogram of same cervical spine 
in forced maximum forward thrust position. Posterior 
margins of bodies of second, third, fourth and fifth 
cervical vertebrae are etched with ink demonstrating 
anterior subluxations of second on third, third on 
fourth, fourth on fifth, and fifth on sixth when in this 
forward thrust position. Compare with Figures 1 and 3. 


effect of the stretchings was to relieve the pa- 
tient immediately of the severity of cephalic 
pain at each treatment. After maximum healing 
of the facet joint ligaments had been obtained 
(six to twelve weeks) the use of the collar was 
discontinued and the patient taught to do the 
rotatory stretching exercises [17] (Fig. 6) 
actively three times to each side, three periods 
daily, aided by passive assistance [17] (Fig. 5) 
three times weekly. 

When the cephalic pain was a tic douloureaux 
involving the periorbital area (eyebrow, side of 
nose, etc.) it was found that in order to produce 
relief the rotation loosening cervical stretch 
would have to be carried out to the extreme 
range; the symptoms would be immediately 
markedly exacerbated at the time of stretching, 
disappearing within fifteen to twenty seconds 
after the stretch. At the onset of treatment the 
relief would last only a short time, then pain 
would reappear. The interval of relief following 
the stretch would last longer and longer until 
after six to twelve weeks of treatment no fur- 


Fic. 3. Lateral roentgenogram of same cervical spine 
in forced maximum backward thrust position. Posterior 
margins of bodies of second, third, fourth and fifth 
cervical vertebrae are etched with ink demonstrating 
posterior subluxations of second on third, third on 
fourth, and fourth on fifth. Compare with Figures 1 
and 2. 


Fic. 4. Anterior-posterior roentgenogram of the same 
cervical spine, demonstrating a rightward shift type of 
curve. Note: This is not produced by a tilt of the head. 


ther recurrences were to be noted. Colchicine 
[18] and adrenal cortical steroids [18] were used 
as an aid in the mobilization loosening of the 
fibrous tissue. 

Mrs. A., referred by a neurological specialist 
(M. D.), is a typical example of tic douloureaux 
developing in the presence of an unstable and 
fibrous tissue restricted cervical spine, second- 
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Extended Relief of Tic Douloureaux 


Fic. 5. Patient undergoing passively assisted cervical 


fibrous tissue loosening stretch by therapist. Note left 
hand of patient grasping posterior chair for counter pull 
and left elbow of therapist aiding counterpull in order 
to obtain maxitunul distention stretch by means of the 
torsion motion. 


ary to a neck injury many years previously. 
(Figs. 1 to 4.) This thirty-seven year old 
woman had fallen at the age of seventeen, 
suffering severe jerking of the neck with pro- 
tracted post-traumatic pain in the neck and 
stiffness and headache radiating into the head 
from the neck which was treated over a period 
of years by chiropractic ‘‘atlas-axis” adjust- 
ments. In October, 1951, at the age of thirty- 
five, there was a sudden onset of tic douloureaux 
involving the right malar and suborbital region 
accompanied by hyperhidrosis of the area, 
blurred distorted vision, persistence of the 
pain in the neck and stiffness. Examination 
revealed marked fibrous restriction of rotatory 
(torsion) motion of the neck which, when 
forced a bit past the point of restriction, caused 
marked exacerbation of the tic accompanied 
by vasoconstriction, sweating of the area and 
wide dilation of the pupil of the eye. Roent- 
genographic examination (Figs. 1 to 4) revealed 
a concomitant, rather marked instability of the 


Fic. 6. Patient actively carrying out cervical fibrous 
tissue loosening stretch. Note left hand of patient 
grasping posterior chair for counterpull in order to 
obtain maximum distention stretch by means of the 
torsion motion. 


cervical spine facet joints with subluxations. 
Forced, routine, repeated, progressive fibrous 
tissue loosening mobilization by means of rota- 
tion (torsion) stretchings were instituted July 9, 
1953. The tic douloureaux was relieved for 
one-half hour after the first stretching, with the 
intervals of relief lasting longer and longer, 
until after three months of treatment there 
were no further attacks. Following the first 
month of treatment the patient was able to 
prevent occurrence of an attack by doing the 
stretchings actively whenever she felt | it 
“starting to come on,” warning signs being 
stiffness and pain in the neck radiating to the 
head as a headache. There have been two recur- 
rences of the tic, both of which followed a month 
or so of neglect of the active stretchings when 
the patient “thought that because I was feeling 
so well that I didn’t need to do them.” The 
first recurrence on December 3, 1953, was im- 
mediately corrected the following morning by 
passively aided stretching as was the second 
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recurrence on January 30, 1955. This tendency 
toward recontracture stiffening of the neck 
with restriction of motion followed by pain in 
the neck and headache preceding onset of the 
tic is a typical finding. These patients needed to 
be warned repeatedly not to neglect their 
stretching exercises and that if they found that 
the tightening was “‘getting away from them”’ 
they should return to us immediately for pas- 
sive aid in order to prevent recurrence. 

There has been one failure to obtain lasting 
relief. In this man, a house painter, complete 
relief was obtained for three successive years 
during which there was no need for passive aid. 
Upon recurrence the man returned for further 
treatment which was carried out consistently 
for six months without lasting relief (only for 
one to two hours at a time). It was then finally 
concluded that a concomitant mild lead poison- 
ing (attributed to his profession) might be 
complicating the issue and he was referred to a 
neurologist for medical guidance and possible 
surgical care; to date no lasting relief has been 
obtained. 

In a number of the patients with tic dou- 
loureaux there was a history of various alcohol 
nerve injections and other standard neuro- 
surgical procedures having been performed. In 
a few of the cases up to four to six surgical 
procedures had been performed. The proce- 
dures reported in this paper are in no way to be 
applied to tic douloureaux arising from intra- 
or extracranial sources other than traumatic 
lesions of the neck involving the cervical 
sympathetic pathways. 


SUMMARY 


It has been noted that cranial neuralgias 
including tic douloureaux are a frequent re- 
sidual from injuries to the neck followed by 
connective tissue contracture. 

2. The neuronal pathways and mechanism of 
occurrence of cephalic neuralgias are discussed. 

3. Pertinent clinical diagnostic points in ex- 
acerbation of the cephalic neuralgias while test- 
ing during examination are summarized. 

4. A method of progressive mobilization 
loosening of the post-traumatic contracted 
cervical fibrous tissue correcting the abnormal 
constriction irritation to the cervical sym- 
pathetics is outlined. Progress of relief of 
symptoms during treatment is described with 
a case illustration. 
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Use of Stainless Steel Ring Chain Net for 
Reinforcement in the Repair of Large and 


Recurrent Hernias of the Anterior 
Abdominal Wall 


ALFRED Haas, M.D. AND SAUL ALFRED RITTER, M.D., New York, New York 


N recurrent and long-standing large epigas- In"940 Burke [10] introduced tantalum® for 

tric, umbilical and incisional hernias it is general use in surgery. In his studies of corro- 
not always possible at operation to approximate _ sion of implanted metals in tissues he demon- 
deficient fascial structures. The peritoneum _ strated electrolytic interactions between differ- 


may also be defective and the abdominal mus- __ ent metals and body tissues. He recommended 
cles atrophic. For many years such hernias tantalum because of its resistance to oxidation, 
had been considered inoperable. corrosion and lessened tendency to “cracking.” 

Kirschner [1] introduced autoplastic free Tantalum wire mesh was used successfully in 


fascial grafts to cover and support tissue 1948 by Throckmorton [17], Koontz [12-14], 
deficiencies, enabling successful closures in and others [15] to cover and reinforce tissue 
selected cases [2,3]. However, this procedure has _ deficiencies in massive hernias. Relatively stiff 
not been uniformly successful. Only relatively metallic mesh has been used in adequate sizes 
small sections of fascia are available which are —_ to cover and support large tissue defects. In 
frequently inadequate to cover sizable tissue _ healing, fibroblastic proliferation penetrates 
defects. Changes in intra-abdominal pressure the openings and covers the wire which be- 
and body movements may retard healing and comes bound to the surrounding tissues by 
cause separation of the grafts and sutures, eventual fibrosis. However, its use is not con- 
sometimes resulting in “burst abdomen” or in _ sistently satisfactory. The inflexibility of the 
secondary hernia. Pedicled fascial flaps can be _ net is subjectively disturbing to patients. After 
used successfully when the defects are not a period of time, due to body movements, the 
very large [4]. implanted wire net often becomes “cracked”’ 

Implanted dermal and split dermal grafts postoperatively. In some such instances wire 
[5-7] are unsatisfactory. They gradually lose | may become frayed out and penetrate the skin, 


their elasticity, become distensile and conse- _ necessitating secondary removal. Hultengren 

quently are conducive to bulging of the ab- and Lindholm [22] believe that tantalum mesh 

dominal wall. Cystic degeneration of implanted should be used infrequently ‘because most 

dermal grafts has been observed [8]. patients experience post-operative stinging 
For decades surgeons have been searching __ pain, aching on exertion and at rest.” 

for more satisfactory and firmer material to More recently perlonnetz, a nylon knotted 


cover and reinforce deficient tissues in the _ net, has been successfully implanted to cover 
repair of massive hernias. In 1900 Witzel [9] __ tissue deficiency in massive abdominal hernias, 
embedded silver wire net to cover structural [16,17]. This material is acceptable to the tis- 
tissue defects in large hernias, with some _ sues. It is light, flexible and satisfactory only 
success and many failures. Difficulty in body in selected cases. In obese patients with large 


movements because of the rigidity of the net, in- _ hernias and increased intra-abdominal pressure, 
fections, sinus formation and displacement of nylon net lacks the necessary support. 
the net were obstacles to its general application. Because of the inflexibility of metallic wire 
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Fic. 1. Photograph of a Goepel ring chain net. 


mesh and its subjective inconvenience to the 
patient Goepel [18,19] in 1928 introduced a 
flexible silver ring chain net to cover and rein- 
force tissue defects in the repair of large hernias 
of the abdominal wall. However, due to subse- 
quent postoperative complications with em- 
bedded silver alloys, it was not until 1939 that 
an improved stainless steel ring chain net was 
successfully used [20,21]. 

The stainless steel ring chain net is con- 
structed of individual rings of two types. The 
larger rings, which make up the net, are flat and 
measure 10 to 11 mm. in diameter. The smaller 
rings are round, measure 3 to 4 mm. in diameter 
and interconnect with the larger rings. The 
stainless steel of which the rings are made has 
great tensile strength, is not distensile and also 
resists “cracking.” This net is superior to the 
stiff metal meshes because of its flexibility and 
it conforms to the contour of the abdominal 
wall. (Fig. 1.)* 

The net is implanted to cover and reinforce 
deficient tissues in the repair of massive hernia. 
It is accepted by the tissues after implantation. 
Fibroblastic tissue proliferation takes place into 
and around the rings, subsequently incor- 
porating the ring net with the surrounding 
tissues by a thick layer of fibrous tissue. The 
use of this improved stainless steel ring net is a 
decided improvement in covering and spanning 
large tissue defects. 

Preparatory to embedding a ring chain net, 
the peritoneum should preferably be closed by 
imbrication. The muscles and the overlying 


* This ring chain net may be obtained from B. Braun, 
Melsungen, Germany. 
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atrophic deficient abdominal fascia should be 
approximated as well as possible, without undue 
tension. All adipose tissue should be cleared 
from the deep fascia at the operative area, be- 
fore the metallic ring chain net is applied to its 
surface, to prevent subsequent displacement. 
It is essential to place the ring net flat upon 
the fascial surface, and it should extend to at 
least 3 cm. beyond the margins of the defect. It 
is considered advisable at first to suture the 
four corners of the net to the deep fascia and 
then along its outer margins, and also centrally, 
using interrupted sutures with square knots of 
fine stainless steel wire of the same electric 
potential or cotton. The ring chain net must 
be fixed uniformly flat to the underlying fascia. 
The subcutaneous tissues and the skin are then 
closed over the net. 

To achieve good healing and function, proper 
preoperative preparation of the patient is im- 
portant. Attention to the electrolytic balance, 
blood volume, hemoglobin and the administra- 
tion of vitamins is indicated. Operative atten- 
tion to strict asepsis, the restoration of anatomi- 
cal relationships, conservation of tissue and 
preservation of nerve supply is_ essential. 
Meticulous hemostasis to prevent hematoma 
will avoid complications. Sulfonamide and 
antibiotic preventive therapy should be insti- 
tuted but not applied locally. 

We have found it effective to seal the sterile 
dressing to the surface of the skin over the 
operative field by the application of mastix 
adhesive solution. This insures fixation of the 
dressings. The application of an elastic ab- 
dominal binder for gentle support of the dress- 
ings should be maintained for at least ten days. 

This article concerns itself with the report 
of five cases in which the stainless steel ring 
chain net (Goepel) implants were used in the 
repair of massive recurrent and long-standing 
hernias of the anterior abdominal wall with 
sizable fascial deficiencies. Fascial transplants, 
steel wire mesh and nylon net were considered 
inadequate for these cases. 


CASE REPORTS 


Case 1. J. J., a thirty-one year old white 
man, was admitted to the Misericordia Hos- 
pital, New York, New York, on October 16, 
1949, with a massive recurrent incisional hernia 
in the right lower portion of the abdomen 
which was the size of two fists. 

In 1940 the patient had been operated upon 
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elsewhere for perforated suppurative appendi- 
citis with consequent prolonged drainage. He 
later underwent repair of an incisional hernia 
at the site of appendectomy. 

On examination a massive recurrence of the 
right lower incisional hernia was found. The 
patient had been having attacks of intestinal 
strangulation which could be relieved by 
manual manipulation. 

At operation on October 18, 1949, the old 
scar was excised, the sac opened and the hernia 
explored. The distal third of the omentum was 
thickened and adherent to the parietal peri- 
toneum and to several intestinal loops. The 
omentum was freed from the surrounding 
tissues and the infiltrated part resected. The 
intestinal adhesions were dissected. The peri- 
toneum and posterior rectus sheath were ap- 
proximated with chromic interrupted sutures. 
The atrophic muscle was resutured. The ante- 
rior abdominal fascia was thin and could be 
approximated only with great difficulty. A 
Goepel stainless steel ring mesh was applied 
to bridge the suture line of the defective fascia 
and fixed by interrupted cotton sutures, placed 
along its outer margins and also paracentrally. 
The skin and subcutaneous tissues were closed 
over the prosthesis. 

The postoperative course was uneventful. 
The incision healed by primary union and the 
patient was discharged six days thereafter. 
Follow-up examinations up to 1957 have 
revealed a firm and well reinforced operated 
area. The patient has returned to heavy work 
and has remained free from subjective symp- 
toms. (Fig. 2.) 


Case ul. G. W., an obese white man weigh- 
ing 250 pounds, was admitted to the Miseri- 
cordia Hospital on March 20, 1948. He had a 
massive umbilical hernia with signs and symp- 
toms of intestinal strangulation. Gastrointes- 
tinal suction aspiration was instituted and 
fluids were administered intravenously. After 
normal electrolyte and fluid balance was estab- 
lished, the patient was operated upon. The 
neck of the massive umbilical hernia was ex- 
posed transversely and upon opening the sac 
an incarcerated, viable intestinal loop was freed 
and returned into the abdomen. The perito- 
neum was closed by imbrication and the 
atrophic rectus muscles were approximated. 
The abdominal fascia was thin, defective and 
atrophic, and could not be completely approxi- 


Hernias of Anterior Abdominal Wall 


Fic. 2. Case 1. Roentgenogram of implanted ring chain 
net in situ, seven and a half years after operation. 


mated. Its cut edges were brought together as 
far as possible with cotton sutures. Only a small 
Goepel steel ring mesh, measuring 3 by 5 inches, 
was available at the time of the operation. It 
was placed on the rectus fascia covering the 
defective area and fixed with interrupted 
cotton sutures. Although the net was inade- 
quate in size to cover the fascial defect fully, 
it was considered advantageous to use the net 
to span and reinforce the fascial defect. The 
subcutaneous tissues and skin were closed over 
the net. The wound healed by primary union. 
The patient recovered and was discharged nine 
days after the operation. 

On follow-up examination on September 20, 
1951, three years after the original hernial 
repair was performed with the inadequate 
Goepel ring net, the patient had an epigastric 
hernia to the left of the midline above the 
implanted Goepel net. Operation was per- 
formed on September 24th, at which time a 
multilocular sac about 4 cm. in diameter was 
dissected and opened, and several adherent 
intestinal loops were freed and returned to the 
abdominal cavity. The peritoneum was closed 
by imbrication. The rectus muscles were ap- 
proximated in the midline and the fascia was 
closed as well as was possible. The small, 
inadequate ring chain net which had been 
embedded over the defective fascia at the 
previous operation was found to be firmly 
bound in situ by a thick layer of fibrous tissue. 
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Fic. 3. Case 11. Roentgenogram of the two described 
implanted ring chain nets in situ. The smaller, original 
net was distally implanted in 1948. The larger, sec- 
ondary proximal net was implanted in 1951. 


A new additional Goepel stainless steel ring 
net was applied to the rectus fascia and sutured 
to and along the upper margin of the old net 
and to the fascia, covering the site of the recur- 
rent hernia. The skin and subcutaneous fascia 
were reapproximated over the newly and 
previously embedded ring chain nets. The in- 
cision healed by primary union and the patient 
was discharged eleven days postoperatively. 
Postoperative roentgen examination revealed 
the previously implanted ring chain net to be in 
continuity and firmly fixed in situ with the 
newly embedded one. On repeated follow-up 
examinations the hernial repair was found to 
be firmly healed and the abdominal wall firmly 
reinforced by the implanted ring chain nets. 
There were no untoward subjective symptoms. 


(Fig. 3.) 


Case. C. K., a fifty-three year old white 
man, was admitted to the Misericordia Hos- 
pital with a massive incisional hernia in the 
upper midline of the abdomen. In February, 
1950, he had undergone cholecystectomy, per- 
formed by another surgeon, for perforated 
gangrenous cholecystitis. Two years after the 
cholecystectomy an incisional hernia had de- 
veloped, which had become progressively 
larger and more painful. 

At operation on November 11, 1952, the mid- 
line longitudinal scar was excised and the skin 
and subcutaneous tissues were dissected later- 
ally on both sides. A massive hernial sac was 
freed and resected. An infiltrated adherent dis- 
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tal portion of omentum was freed and excised. 
The rectus muscles were exposed and the 
posterior fascial sheath and the peritoneum 
united. The rectus muscles could not be com- 
pletely approximated below the level of the 
umbilicus. The anterior rectus fascia was 
deficient and could not be completely approxi- 
mated. A stainless steel Goepel ring chain net 
measuring 7 by 7 inches was placed on the 
fascia, extending from the ensiform process to 
the pubic symphysis and fixed by interrupted 
cotton sutures along its margins and also some- 
what paramedially. The skin and subcutaneous 
fascia were approximated over the prosthesis 
and sutured. The postoperative course was 
uneventful. The incision healed by primary 
union and the patient was discharged twelve 
days after operation. Follow-up examinations 
for five years postoperatively revealed that the 
operated area of the abdominal wall was firm, 
without any subjective symptoms. (Fig. 4.) 


Case iv. J. P., a forty year old white 
woman, was admitted to the Misericordia 
Hospital on June 27, 1955, with a large in- 
cisional hernia in the Jower medial portion of 
the abdomen. She had had two previous “pel- 
vic operations” at another hospital. Examina- 
tion revealed two lower paramedial longitudinal 
scars, between which there was an incisional 
hernia the size of a grapefruit. The hernial mass 
contained intestinal loops, which could be re- 
duced manually with some difficulty. 

At operation on June 28, 1955, the lower 
longitudinal abdominal scars were excised. The 
hernial sac was opened and extirpated. Mul- 
tiple adhesions were cut and ligated. An old 
anterior ventral fixation of the uterus was freed 
and a panhysterectomy performed. The peri- 
toneum was closed by imbrication. The atrophic 
rectus muscles were approximated in the mid- 
line. The anterior rectus fascia was thin and 
defective, and could not be fully closed without 
great tension. A Goepel stainless steel ring mesh 
was applied to the defective rectus fascia and 
fixed with interrupted cotton sutures to the 
fascia. The sutures were placed along the outer 
margins of the ring chain net and also some- 
what medially. A small Penrose drain was 
inserted at the lower angle of the wound. The 
skin and the subcutaneous tissue were closed 
over the prosthesis. The incision healed 
promptly with slight serous drainage. On 
follow-up examination on October 1, 1955, four 
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Fic. 4. Case 11. A, preoperative photograph of the massive incisional hernia in the lower portion of the abdomen. 
B, photograph of postoperative scar. C, Roentgenogram of implanted ring chain net in situ, one and a half years 


postoperatively. 


months after herniectomy, a persistent sinus 
was found to be present at the lower end of the 
incision. The patient was readmitted to the 
Misericordia Hospital on December 6, 1956, 
for revision of the herniectomy. The scar was 
excised and the ring chain net removed. At 
this time, four months after the original opera- 
tion, a strong fibrous tissue layer had already 
grown through and upon the ring chain net. 
It had formed a thick fibrous tissue layer 
sufficient to reinforce the previously defective 
rectus fascia completely. The net, however, was 
then removed by finger dissection. The skin 
and subcutaneous fascia were approximated 
with interrupted sutures. The patient made an 
uneventful postoperative recovery and was 
discharged seven days after operation in good 
condition. In December, 1956, follow-up ex- 
amination revealed the operated area to be 
firm and without recurrence of the hernia, not- 
withstanding that the ring mesh had been 
removed. It is apparent that the newly formed 
layer of fibrous tissue at the site of the removed 
ring chain net was adequate to reinforce the 
defective fascia and atrophic muscle. 

It may be inferred from this case that drain- 
age of the operative incision was the cause 
of sinus formation and that drainage is contra- 
indicated in this type of heteroplasty. 


Case v. D. L., a fifty-seven year old ex- 
tremely thin white woman weighing 86 pounds, 
was admitted to the Misericordia Hospital on 


March 3, 1956. She had a progressively en- 
larging massive incisional hernia in the lower 
portion of the abdomen. The bulge could not 
be effectively contained by abdominal sup- 
porters. The patient had had eleven operations 
between 1937 and 1950. Six months following 
the first laparotomy an incisional hernia had 
been repaired at another institution. Her last 
operation before admission to the Misericordia 
Hospital was in 1950. Pertinent to the case, it is 
interesting to note that the patient suffered 
from chronic asthma and bronchitis. This un- 
doubtedly was the factor in the recurrences 
of the hernia. 

At operation on March 6, 1956, a longi- 
tudinal incision was made from the ensiform 
process to the pubis, and the previous scars were 
excised. The abdominal wall was thin and 
atrophic, with diastasis of the rectus muscles. 
On opening a large double hernial sac, its base 
was found to be adherent to the bladder, which 
was prolapsed over the pubic symphysis and 
adherent to its anterior surface. The bladder 
was freed and reduced. The peritoneum was 
closed by imbrication. The atrophic rectus 
muscles could be approximated only at the 
proximal and distal ends of the incision. It 
was, however, impossible to approximate the 
defective abdominal fascia except at different 
points. A Goepel stainless steel ring net was 
fixed over the defective surface of the ab- 
dominal fascia, with interrupted cotton stitches. 
The skin and subcutaneous tissue were approxi- 
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Fic. 5. Case v. A, preoperative photograph of the massive incisional hernia in the lower portion of the abdomen. B, 
photograph of postoperative scar. C, roentgenogram of implanted ring chain net in situ, nine months after operation. 


mated over the prosthesis. The postoperative 
course was uneventful. The incision healed 
firmly and satisfactorily. The last follow-up ex- 
amination, on December 17, 1956, revealed the 
operative area of the abdominal wall to be well 
healed. The implanted metallic ring chain net 
could be palpated postoperatively beneath the 
skin over the operated area. It is to our amaze- 
ment that notwithstanding her relatively 
emaciated condition at 86 pounds, the patient 
was undisturbed by the presence and closeness 
of the implanted ring chain net beneath the 
surface of the skin. (Fig. 5.) 


COMMENTS 


At first appearance the stainless steel ring 
chain net seems to be unwieldy, but that is 
fallacious. It is eminently satisfactory, when 
properly applied, to support and reinforce the 
abdominal wall for hernial repair in which 
there is sizable tissue deficiency. When the ring 
chain net is implanted and secured over the 
defective fascial layer, colloidal material be- 
comes deposited and after several weeks fibro- 
blastic proliferation takes place through the 
rings of the net and around them. Thus the 
ring chain net becomes firmly incorporated 
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with subsequent fibrous tissue layer [27]. The . 


net consists of larger rings 1 cm. in diameter 
and very small rings interconnecting with the 


Q2 


larger rings. Thus the flexibility is very good 
and no particular area of the net need with- 
stand heavy strain or pressure. The use of the 
stainless steel ring net, due to its flexibility, 
overcomes “metal fatigue’ and minimizes 
eventual cracking. It conforms to the contour 
of the abdominal wall, permitting abdominal 
wall flexion without discomfort to the patient. 
If: properly fixed to the fascia, the net will not 
become displaced. 

The application of the ring chain net is 
efficacious, particularly in cases in which there 
is sufficient subcutaneous adipose tissue to 
cover the prosthesis adequately. In our series 
we made one exception, using the net in a very 
thin woman (Case v). She had had eleven 
previous operations for repair of her massive 
recurrent abdominal hernia. Our final repair 
of the hernia with implantation of the Goepel 
ring chain net was eminently satisfactory and 
terminated her long disability. 


SUMMARY 


1. The stainless steel ring chain net (Goepel) 
is recommended to cover and reinforce defec- 
tive atrophic fascia in operations for large re- 
current and long-standing hernias of the 
abdominal wall. 

2. The net is a marked improvement over 
the stiff tantalum and stainless steel wire 
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meshes, the use of which has become popular 
within the last decade. These cause pain and 
impair the postoperative flexibility of the ab- 
dominal wall. Implanted stiff metallic meshes, 
after a period of time, crack and produce fur- 
ther discomfort and not infrequently require 
removal. 

3. Five cases are reported of large hernias of 
the anterior abdominal wall in which the 
Goepel stainless steel ring chain net was 
implanted over atrophic and defective deep 
fascia in the repair of massive hernias of the 
abdominal wall. 
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Fatal Bone Marrow Embolism 
Following Thoracotomy 


J. H. Scumipt, M.p., Indianapolis, Indiana 


F" embolism has been known for some time 
to occur following or associated with frac- 
tures, injury to the soft tissue, convulsive dis- 
orders, decompression, anesthesia with various 
agents, intravenous ether, poisoning with 
phosphorus and other agents, exogenously ad- 
ministered fat or fat-like material during diag- 
nostic or therapeutic procedures, and more re- 
cently has been reported by Wyatt and 
Orrahood [34] to have followed pregnancy in 
a patient with sickle cell anemia, by Lynch [14] 
in acute pancreatitis, and by Hartroft [9] in 
diabetic glomerulosclerosis. Bone marrow em- 
bolism according to Rappaport, Raum and 
Horrell [24] has been seen only in association 
with trauma to bones that had proved or sus- 
pected fractures. The total number of cases of 
bone marrow embolism thus far reported which 
I was able to discover was seventy. These in- 
clude those studied or mentioned by Berk- 
heiser and Griffin [7], Deland and Bennett [3], 
Fisher [5], Gleason and Aufderheide [8], 
McKeown [15], Montgomery [16], Nelson and 
Bowers [20], Rappaport [24] and Scully [37]. 
The only cases of fat or marrow embolism 
following surgery of the chest, during which 
the sternum was apparently not transected, 
were reported by McKeown who found a minor 
degree of fat in ten of seventeen cases of lobec- 
tomy or pneumonectomy specimens and in 
four of twenty-four biopsies of the Jung re- 
moved at valvulotomy. In two of these cases 
marrow in addition to fat was found in the 
pulmonary vasculature. Although adverse reac- 
tions were not reported following the cases 
studied by McKeown it is believed that the 
case presented herein represents an otherwise 
unexplained fatality, presumably a result of 
bone marrow embolism from an unusual cause. 


CASE REPORT 


The patient was a forty-eight year old white 
housewife whose past history was significant 
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only insofar as she had had an uneventful ap- 
pendectomy in 1936 and a subtotal hysterec- — 
tomy for leiomyomas in 1947. 

The patient had noted some decrease in 
tolerance to exercise as far back as she could 
remember. Near the age of twenty-two she 
was told that she had an enlarged heart and a 
heart murmur. Several diagnoses had been 
entertained regarding her cardiac status and 
she had been given mild therapy at different 
intervals but had done fairly well until six 
months prior to admission. At that time she 
noted that the dyspnea, which had never been 
severe and was her only cardiac symptom, had 
become more annoying concomitant with the 
acquisition of heavier household chores. For 
this reason her cardiac status was re-evaluated 
at which time she was found to have some 
cardiac enlargement, a systolic thrill, and a 
bruit to the left of the sternum in the second, 
third and fourth intercostal space. Lungs were 
described as clear and the vital signs were 
within normal limits except for an elevated 
systolic blood pressure which fell to normal 
under sedation. Fluoroscopic examination of 
the thorax revealed a small aortic knob and a 
large pulsating pulmonary artery with some 
ventricular enlargement. An electrocardiogram 
revealed some conduction interference, be- 
lieved to be an incomplete right bundle branch 
block. Cardiac catheterization was performed, 
with findings being suggestive of interatrial 
septal defect and an anomalous pulmonary 
venous drainage. Because it was thought that 
she might benefit from corrective cardiac sur- 
gery, a bilateral thoracotomy through the fifth 
intercostal space with sternal transection was 
performed on March 20, 1957. At surgery the 
heart was inspected and digitally explored 
through the right auricular appendage. (A 
description of the heart will be given with the 
autopsy findings.) It was considered that any 
corrective cardiac surgery would not be feasible 
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and her best chance would be to leave her 
cardiac status unaltered. The incision was 
closed (sternum with wire) and the patient 
returned to the ward. Her urinary output 
amounted to only 300 ml. by the second post- 
operative day but this was thought to be due 
to a lack of sodium chloride because the output 
returned to normal shortly. The patient con- 
tinued to improve until the second postopera- 
tive day when she became quite apprehensive 
for the first time in association with increased 
restlessness, some dyspnea, and a cold clammy 
skin although her blood pressure was not re- 
markable. Her temperature at this time was 
103.8°F. rectally which was the highest recorded 
and which then gradually fell toward normal. 
Her anxiety continued to mount. On the third 
postoperative day the patient became nause- 
ated for the first time. The next day after being 
markedly apprehensive and somewhat dyspneic 
all day she became extremely dyspneic, restless 
and cyanotic at 2:55 p.m. At exactly 3:00 P.M. 
the patient became apneic with absent blood 
pressure, pulse and respiration. The chest was 
opened through the previous site within several 
minutes, the trachea intubated and successful 
cardiac massage carried out. Spontaneous 
rhythm of the heart and respiration returned 
and the wound was closed in the operating 
room. The patient’s cardiorespiratory status 
improved but she required aramine® intra- 
venously to maintain blood pressure and she 
did not regain consciousness. At 6:35 P.M. the 
patient became apneic, and although given 
positive pressure oxygen and later placed in a 
respirator, she became pulseless again and died 
at 9:00 p.m. The attending surgeon described 
the terminal events as “‘most puzzling and hard 
to explain.” 

After surgery the hemoglobin level dropped 
from 12.9 to 12.3 gm. per cent. An electro- 
cardiogram on the second postoperative day 
was unchanged from her preoperative tracing 
except for a tachycardia of 130 per minute. 
X-ray examination of the chest on the day 
after operation revealed bilateral infiltrates 
interpreted as possibly being pneumonitis 
edema. 

The autopsy was carried out one and a half 
hours postmortem but unfortunately permis- 
sion was not granted for examination of the 
brain. External examination revealed the evi- 
dence of surgery and postoperative care with 
the major findings consisting of a 40 cm. long 
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transverse incision over the anterior chest in 
the fifth intercostal space. The tissues under- 
lying the incision in the chest were ecchymotic. 
Each pleural cavity contained approximately 
50 ml. of material resembling pure blood, and 
on the surface of each lung and the visceral 
and parietal pericardium, there was fibrinous 
exudate. The weight of the heart was 500 gm. 
The right auricular appendate had been ampu- 
tated and a purse string suture was present 
around the base. The pulmonary artery was 
increased in diameter and the aorta somewhat 
decreased in size. A double superior vena cava 
with the left vena cava entering a large coro- 
nary sinus measuring 2 cm. in diameter was 
also noted. The pulmonary venous drainage 
was normal except for the venous drainage 
from the middle and lower lobes of the right 
lung which entered the right atrium. A large 
interatrial septal defect of the septum secun- 
dum type measuring 1.5 cm. in diameter 
was present. In addition, there was some 
thickening of the free margins of the mitral 
valve as well as shortening and adhesions of 
the chorda-tendineae. 

The lungs weighed 800 gm. Ecchymoses were 
present in the subpleural portions of all lobes. 
The lungs were slightly firmer than normal. 


There was some increase in moisture and sub- ~ 


intimal lipid deposition in the pulmonary 
arteries. 

In the abdominal cavity there were an acces- 
sory spleen, a double left ureter and absent 
vermiform appendix. The capsule of each kid- 
ney stripped from the cortex with increased 
difficulty due to uniform, fine granulations as 
well as a number of broad based scars. The 
corpus of the uterus was absent and a small 
endocervical polyp was noted in the cervical 
stump. 


HISTOLOGY 


Sections of the heart revealed hyperplasia 
of the epicardium and fibrin deposition on the 
surface. The myocardium revealed some inter- 
stitial fibrosis and fragmentation of the myo- 
cardial fibers as well as loss of striations of the 
fibers adjacent to the epicardium. In addition, 
there was moderate arteriosclerosis of the coro- 
nary arteries and fibrous thickening of the 
mitral valve leaflets. Frozen section revealed a 
sudanophilic alteration of the myocardium in a 
thin band adjacent to the epicardium. 

Sections of lung revealed hyperplasia of the 


4 
2) 
‘ 
gh 
= 
; 

~ 

ow... 4 

is 


Schmidt 


Fic. 2. Relatively fatty marrow with 


attached thrombus in an artery cut in an 


oblique plane. There are macrophages as well as some protein precipitate in the 


adjacent alveoli. 


pleura and fibrin deposition on the surface. 
The parenchyma revealed some alveoli to con- 
tain protein precipitate, red blood cells and a 
few phagocytes. In addition, two thirds of the 
sections which were studied (Figs. 1 and 2) 
revealed bone marrow emboli in arterioles and 
small pulmonary arteries. Vessels which were 
incompletely filled by bone marrow also showed 
attachment of small thrombi to the marrow 


particles (Fig. 2.) Frozen sections with fat stain 
revealed small fat globules in the alveolar 
septa, as well as some sudanophilic material in 
macrophages. 

Sections of kidney revealed hyalinization of 
a few glomeruli. Chronic inflammatory cells 
were noted in areas of fibrosis as well as slight 
arteriolar sclerosis which was limited to the 
areas of scarring. Frozen sections revealed 
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sudanophilic material in the lumina of the 
collecting tubules and the tubular epithelium, 
as well as in a few smaller arterioles. 

The liver, spleen and pancreas demonstrated 
small focal areas of coagulation type necrosis. 
In addition, the spleen demonstrated moderate 
arteriolar sclerosis and follicular lipoidosis. 

The adrenal gland revealed lipid depletion 
and early pseudotubular degeneration. 

The bone marrow revealed approximately 
one third of the marrow to be composed of fat. 
The erythroid and myeloid ratio was within 
normal limits. 


COMMENTS 


Bone marrow embolism has been incrimi- 
nated as a probable cause of death in cases 
reported by Rappaport et al. [24], Deland and 
Bennett, Gleason and Aufderheide, and Mont- 
gomery. The case reported by Montgomery is 
most interesting in relation to the case pre- 
sented herein since it was an instance of fatality 
attributed to bone marrow embolism following 
sternal aspiration of marrow. Although the 
marrow in the case reported by Montgomery 
was described as being rather fatty, this would 
seem to indicate that enough marrow is present 
in the sternum to cause death, particularly in 
a patient whose circulation is already dis- 
turbed. In the following paragraphs an attempt 
will be made to present the modern concepts 
of the pathogenesis, clinical picture, laboratory 
aids in diagnosis, pathology and therapy of 
bone marrow and fat embolism. 


PATHOGENESIS 


Rappaport [24] stressed the four factors 
chiefly responsible for the entrance of marrow 
particles into the circulation, namely: (1) The 
marrow is separated by only a single layer of 
endothelial cells from the lumen of the intra- 
medullary sinusoidal blood vessels, an anatomi- 
cal relationship which permits ready access of 
marrow fragments into the disrupted sinusoids. 
(2) The sinusoids communicate freely and 
widely with the veins which pass through 
cortical bone. (3) The diameters of these veins 
are great enough to permit passage of frag- 
ments of marrow comparable to those seen in 
the lungs. (4) These veins do not collapse since 
they are firmly adherent to the bony channels 
which penetrate the cortex. In our patient, the 
additional factor of local increase in pressure 
due to respiratory excursions might certainly 
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have contributed to the entrance of marrow 
into the circulation from the transected ster- 
num. That incomplete immobilization may be 
a large factor was pointed out by Saiku [28] 
who demonstrated an increased incidence of 
fatal cases of fat embolism in fractures con- 
servatively treated as opposed to those in 
which internal fixation was employed. 

Most of the experimental work in determin- 
ing the amount of fat or fat-like material 
required to cause death in animals would seem 
applicable to marrow particles since the 
mechanism of death in most animals is acute 
obstruction of the pulmonary arterioles. The 
calculated amount required to cause death in 
man has been variously estimated, based on 
experimental work on animals, as ranging from 
20 to 30 gm. by Killian [12] in a normal indi- 
vidual to as little as 12 to 20 gm. in an indi- 
vidual with disturbed circulation. Killian’s 
findings were based largely on the determina- 
tion of the amount of fat in lungs removed at 
postmortem examination. In this country Glass 
[6] caused death in nine of ten rabbits weighing 
3.5 gm. each by giving 2 cc. of marrow which 
was equivalent to that removed from one 
femur of another animal of similar size. Durant 
[4] believes that reflexes are quite important 
when mechanical features are not overwhelm- 
ing. Some of the factors causing discrepancies 
in the amount of fat required to cause death 
were pointed out by Rappert [25] who demon- 
strated that old and young animals had less 
tolerance to fat. In addition, he demonstrated 
that some of the discrepancies in animals were 
due to the persistence of some of the injected 
fat in the ear veins of the animals for several 
days. If this were flushed out by a “‘chaser,” 0.5 
to 0.6 cc. per kg. gave consistently fatal results. 
Harman and Ragaz [10], Peltier [22] and Moser 
and Wurnig [17] have, moreover, pointed out 
the deleterious effects of hypotension. This 
might be correlated with the mechanism of 
death in marrow and fat embolisms as pointed 
our by Ikeda [11], Harman and Ragaz, and 
Peltier. These authors all stress the two types of 
deaths which occur, namely, an acute type due 
to right heart failure subsequent to mechani- 
cal obstruction of the pulmonary arteries and 
arterioles by neutral fat globules or particulate 
matter, and a second mechanism which occurs 
after a latent period of from twenty-four to 
seventy-two hours. Peltier believes that this 
amount of time is required for the saponifica- 
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tion of fats and subsequent production of 
anoxia. The anoxia occurs as a result of de- 
creased vital capacity due to multiple areas of 
hemorrhage, edema and congestion of the 
lungs. The changes in the lung are thought to 
be secondary to the action of lipase (which 
has been demonstrated in the alveolar septa of 
rabbit’s lungs by Gomori [7]) on neutral fat, 
with mobilization of calcium ions as soaps of 
the fatty acids. Since calcium is apparently 
necessary for intercellular cohesion as demon- 
strated by Robertson [27], the decrease of 
calcium ions locally may well be the cause of the 
pathologic condition of the Jungs. In addition, 
the effect of particulate matter in the vital 
centers of the brain and coronary arteries can- 
not be excluded as a cause of death especially 
in cases such as that presented herein in which 
a large interatrial septal defect was present. 


CLINICAL SYMPTOMATOLOGY 


The clinical symptomatology of marrow and 
fat embolism cannot be differentiated with 
any degree of certainty, and frequently the two 
entities coexist as illustrated by the findings 
of associated fat embolism in twelve of twenty- 
one cases studied by Rappaport et al. [24]. 
He mentions differential points that might be 
slightly suggestive. (1) There is a tendency for 
more rapid onset with marrow embolism. (2) 
Bone marrow embolism is usually the result 
of fractures while fat embolism may be due to 
other causes. (3) Only rarely is marrow found 
in the greater circulation and for this reason 
the cerebral symptoms, petechiae and other 
signs of systemic embolization would be less. 
In fact, I could find no mention of petechiae in 
any of the patients who had had only bone 
marrow embolism. 

The clinical features which are associated 
with fat embolism and on which the diagnosis 
may be suspected are as follows. 

Symptom-free Interval. There is a symptom- 
free interval originally described by Robb- 
Smith [26] which may be from minutes to a 
number of days but usually is in the neighbor- 
hood of three or four days. This has been inter- 
preted by Rappaport as the time required to 
build up enough fat, and by Peltier as the time 
required for hydrolysis of fat and fatty acids 
which have a deleterious effect on the integrity 
of pulmonary tissue. 

Cardiorespiratory Symptoms. These may 
include a decreased blood pressure, an in- 
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creased venous pressure, an increased pulse, 
cold sweat, tachypnea, cough, cyanosis, dysp- 
nea, arrhythmias, rales in the chest and blood 
streaked sputum. 

Cerebral Symptoms. These generally have 
been attributed to cerebral embolization but 
some workers such as Love and Stryker [73] 
believe that they are secondary, at least in 
part, to hypoxia and hypercapnia secondary to 
respiratory disorder. The symptoms and signs 
especially include anxiety but also include 
stupor, coma, paresis, convulsions, insomnia, 
aphasia, loss of sphincter control, etc.; how- 
ever, headache, nausea and vomiting and other 
signs of increased intercranial pressure usually 
are absent according to Schneider [29]. 

Elevation of Temperature. An elevation of 
temperature without evidence of pneumonia 
usually occurring on the second or third day 
is believed by some workers to be due to effects 
on the thermoregulatory center (central nerv- 
ous system embolization), and by others as 
occurring secondary to respiratory disorder. 
This is a reliable sign if other causes of pyrexia 
can be ruled out. 

Petechiae. Petechiae of the skin which have 
a peculiar distribution limited to the neck, 
upper arms, upper part of the chest, eyelids 
and conjunctivas have been found by authors 
such as Newman [21] and Love and co-worker 
[13] to be quite reliable as evidence of fat 
embolism. 

Meteorism. This has been stressed by 
Saiku as occurring in six of eight patients in 
whom the condition was most marked and of 
longest duration. 

Eye Ground Changes. Newman described 
finding small hemorrhages and exudates in all 
of four patients in whom this finding was 
especially looked for and mentions that at 
exceptional intervals fat globules may perhaps 
be seen in the retinal vessels. 

Petechiae of the skin, retinal changes, 
meteorism and cerebral symptoms may be ex- 
pected to be minimal in usual cases of bone 
marrow embolism since most of the marrow 
is trapped in the lungs. 


X-RAY AND LABORATORY AIDS IN DIAGNOSIS 


X-ray. Nelson [20] has pointed out the 
diffuseness of the involvement of the lungs in 
fat embolism while in pulmonary edema and 
pneumonia the distribution is usually not of 
such a diffuse pattern. 
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Fat Droplets in the Sputum. This is gener- 
ally considered to be of little value as it occurs 
in some 80 per cent of normal patients accord- 
ing to Musselman, Glass and Grekin [19]. 

Fat Droplets in the Blood. Peltier [23] using 
the phosphin 3 R technic has demonstrated a 
high incidence of fat globules in the blood follow- 
ing various surgical procedures; their presence 
does not imply that clinical symptomatology 
will be produced nor does their absence rule out 
the diagnosis. 

Fat Droplets in the Urine. The demonstra- 
tion of fat droplets in the urine which is ob- 
tained from a completely emptied bladder and 
without use of a lubricated catheter has often 
been used to confirm the diagnosis. Although 
Musselman et al. [rg] noted that it occurred in 
at least 12 per cent of normal patients, they 
also observed that when found in the urine of 
injured patients, in approximately one-third of 
these patients symptoms of fat embolism 
developed. 

Elevation of Serum Lipase. The elevation of 
serum lipase proved to be of prognostic and 
diagnostic value to Schutemeyer and Flach [3o], 
who demonstrated that the mortality rate fol- 
lowing fresh fractures or surgery on bone was 
directly proportional to rises in the level of 
serum lipase. This rise reached its peak two 
hours postoperatively and dropped to normal 
within twenty-four hours. This might seem- 
ingly limit its usefulness but further work may 
prove this type of approach to be of consider- 
able value. 

Anemia. A precipitous drop of hemoglobin 
after twenty-four to seventy-two hours has 
been used as a diagnostic sign by Wilson and 
Salisbury [32]. 

Calcium Level. Peltier [22] has described 
the decrease in serum calcium in severe experi- 
mental cases and Lynch [14] believes that it is 
a rough index of the severity of fat embolism 
occurring clinically. 

Again most of these diagnostic tools would 
seem to be of Jess value, except for x-ray ex- 
amination of the chest in the usual case of bone 
marrow embolism since marrow particles sel- 
dom reach the systemic circulation. 


PATHOLOGY 


Gross Features. The gross findings of cases 
coming to autopsy are inconstant but include 
petechiae of the skin of the type previously 
described, right-sided dilatation of the heart 


(Robb-Smith [26]) if death occurs quickly, 
areas of edema and focal hemorrhages in the 
lung, and petechiae of the lungs, heart, liver, 
spleen, kidneys and brain. 

Histologic Examination. Lungs: The pul- 
monary arterial supply reveals marrow or fat in 
the lumina. The latter may be suspected by 
hematoxylin-eosin stain but must be confirmed 
by frozen section and fat stain. Most of the 
embolized vessels are within 3.0 cm. of the 
surface according to Rappaport et al. and 
this was so in the case presented. In addition to 
the specific findings previously mentioned, 
areas of edema and hemorrhage may be seen 
in the lungs. 

Heart: The heart may demonstrate small 
areas of degeneration of muscle fibers and 
hemorrhage if embolization to the heart has 
occurred. 

Brain: If embolization has occurred to the 
brain, it will show areas of minute necrosis 
around the embolized vessel, with hemorrhage 
into the adjacent tissue in a ring-shaped dis- 
tribution. In addition, fibrin may be seen in 
the adjacent vessels and perivascular tissue 
due to the release of thromboplastic materials 
from the brain, according to Cammersmeyer 
[2]. Scully [31] points out that fat is never 
found in the brain if not also seen in the kidney. 

Kidney: The kidneys only show fat in the 
glomerular capillaries and to a lesser extent in 
the intertubular vessels. 

Liver: The liver may show focal areas of 
necrosis which Harman and Ragaz [10] believe 
is due to anoxia rather than embolization, 
since it does not occur in animals that are 
given oxygen therapy. 

Skin: Love and Stryker [13] mention that 
petechiae are probably caused by emboli, and 
thus, we might find fat in the vessels involved. 

Again, most of the manifestations except 
those in the lungs are probably not nearly as 
common in marrow as fat embolism. 


PREVENTION AND THERAPY 


Prevention of fat embolism is best accom- 
plished by thorough immobilization of frac- 
tures, avoidance of oil or fat-like material in 
diagnostic and therapeutic procedures when 
feasible, and possibly the use of tourniquets in 
surgery on the extremities according to 
Peltier [22]. 

_ Once the diagnosis is established or strongly 
suspected, the application of certain principles 
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should guide therapy: the importance of the 
maintenance of normal blood pressure has been 
stressed by workers such as Peltier, Moser and 
Wurnig and Killian. This is chiefly based on 
the fact that most of the fat is seen in the lungs, 
primarily because of lower pressure in the pul- 
monary arterioles as stated by Moser. This 
would seem to explain why the predominent 
symptoms are most often referable to the 
lesser circulation. Harman and Ragaz, Love 
and associate, Peltier and nearly all authors 
have agreed on the great value of oxygen, even 
under pressure, to support blood pressure, de- 
crease edema in the lungs and increase respira- 
tory efficiency. For support of the weakened 
myocardium, Wright [33] has reported the 
successful use of a digitalis preparation (digi- 
foline®) to support the failing heart in fat 
embolism. For successful use of an emulsifying 
agent, it is important (as Moser and Wurnig 
mention) that hypotension be corrected in 
order to insure adequate contact with the fat. 
Love has reported successful use of 5 per cent 
alcohol in 5 per cent dextrose and water, while 
the German literature suggests bilapin and 
eupaverin (Rappert [25]), and decholin® (Moser 
[18]). If decholin is used, it is important that it 
be fresh or it loses its lipolytic effect according 
to Rappert. The use of heparin for its indirect 
lipolytic effect is suggested by authors including 
Love et al. [13] but is thought to be contra- 
indicated by Peltier [22]. Other measures, such 
as sympathetic block, inhalation of amyl 
nitrite, ligation of veins draining from the site 
of trauma, exchange transfusions, parenteral 
calcium, intravenous papaverine etc., have all 
been advocated by one or more authors, but in 
general have not gained much acceptance. 


SUMMARY 


A case of congenital heart disease in an adult 
is presented in which exploratory thoracotomy 
with sternal transection was carried out. Two 
days postoperatively, the patient became un- 
duly anxious and somewhat dyspneic. Four 
days postoperatively, the patient suddenly be- 
came extremely dyspneic, apprehensive and 
cyanotic and went into cardiac arrest five 
minutes later. Successful cardiac massage was 
carried out, but the patient died several hours 
later with the cause of her death unexplained 
at the time. Bone marrow in relatively large 
amount was found in the branches of the pul- 
monary arterial supply, and either this per se, 
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or embolization of the heart or brain via a 
patent septal defect is regarded as the cause of 
death. A summary of the clinical and pathologic 
features, as well as the laboratory aids in the 
diagnosis is presented to focus on a possible 
cause of complication and death following 
thoracotomy of this type. 
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Papain-Chlorophyll-Urea Ointment in Surgery 


RosBert I. Katz, M.p., Houston, Texas, Jack W. REESE, M.D., Boston, Massachusetts, AND 
Joun J. Byrne, M.D., Boston, Massachusetts 


From the Third Surgical Service, Boston University 
School of Medicine, Boston City Hospital, Boston 
Massachusetts. 


debridement of burns, ulcers and 
sloughing wounds is an important surgical 
procedure. In our experience the most success- 


TABLE I 
RESULTS IN INDIVIDUAL LESIONS 


No. of 


Patients Good | Fair 


Type 


Carbuncle of neck 
Decubitus ulcers. .... . 
Diabetic ulcer 

Varicose ulcer 

Infected wounds 
Postphlebitic ulcers 
Arteriosclerotic ulcers. . 
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ful agents have been 0.25 per cent Dakin’s solu- 
tion and urea crystals. Recently, we had the 
opportunity of studying a mixture of debriding 
agents consisting of papain (a proteolytic 
enzyme obtained from Carica papaya), cupri- 
chlorophyllinate (a hemagglutination-inhibit- 
ing agent) and urea (a protein denaturing 
agent). 


METHOD 


A group of fifty patients suffering from a 
variety of surgical diseases was studied. The 
ointment* was applied liberally to the wounds 
including all undermined areas and covered 
with sterile dressings. When a great deal of 


* Panafil Ointment supplied by Rystan Company, 
Mount Vernon, New York. 
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necrotic material was present, the dressings 
were changed twice daily, otherwise once a 
day was sufficient. At the time of the dressing 
change the purulent material and debris were 
removed by irrigating with 500 cc. of sterile 
saline solution or hydrogen peroxide solution. 
Surgical débridement was restricted during 
the period of treatment except for a few cases 
in which a heavy slough was present. Photo- 
graphs were taken of all lesions before and 
after treatment. 

The series consisted of twenty-four male 
patients ranging from thirteen to seventy- 
eight years of age (average 50.3 years) and 
twenty-six female patients ranging from thirty- 
seven to eighty-five years of age (average 
66.5 years). The duration of treatment varied 
from three to forty-two days with an average 
of 9.1 days. Forty-seven of the patients were 
treated for fourteen days or less with an aver- 
age treatment duration of 7.6 days. A good 
result was recorded when there was a decrease 
in purulent material, cleaner granulation tissue 
and an increased rate of epithelization. A 
fair result was recorded in patients showing 
slight but definite improvement. A poor result 
indicated no change or actual worsening of the 
lesion. 


RESULTS 


Thirty-seven cases (74 per cent) were classi- 
fied as “‘good,” six (12 per cent) as “fair” and 
seven (14 per cent) as “‘poor.” The results in 
individual lesions can be seen in Table 1. Six 
patients that were classified as good are iillus- 
trated in Figures 1 to 6. 

Fifteen patients presented complications. 
Thirteen patients had local pain which was 
described as itching, smarting, stinging or 
burning. The pain coincided with the fresh 
application of the agent and in the majority of 
cases disappeared within a few minutes. How- 
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Fic. 1A. Patient E. B. (No. 1585444). Postphlebitic Fic. 1B. Same patient. Seven days’ treatment with 
panafil resulted in a clean, granulating and contracting 


ulcer with thick purulent exudate. 
wound. 


Fic. 2A. Carbuncle, four days postexcision, with puru- Fic. 2B. Same patient. Six days’ treatment with panafil 
dressings resulted in a cleaner, granulating and con- 


lent exudate and necrotic fascia. 
tracting wound. 


Fic. 3B. Same patient. Continued treatment with oint- 
ment resulted in a clean, granulating wound suitable 
for skin grafting two weeks after initial treatment. 


Fic. 3A. Patient E. K. (No. 1578444). Radical dissec- 
tion of the groin followed by sloughing infection. 
Treatment with panafil for one week permitted surgical 
débridement on ward. 
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Fic. 4A. Patient P. K. (No. 1590718). Three week old 
burn with much exudate and sloughing tissue. 


le, five 
days after incision and drainage, demonstrating thick 
purulent drainage on bed of necrotic fascia. 


Fic. 6A. Patient E. B. (No. 1562783). Inguinal hernior- 
rhaphy incision, twelve days postoperatively, with 
thick green purulent exudate and necrotic fascia. 


Fic. 4B. Same patient. Six days of therapy with panafil 
resulted in a clean, granulating wound suitable for skin 


grafting. 


Fic. 5B. Same patient. Response to one week of treat- 
ment with panafil showing diminution in exudate, ap- 
pearance of granulation tissue and contraction of 
wound. 


¥ 


Fic. 6B. Same patient. Eight days of therapy with 
panafil resulted in a clean, granulating and contracting 
wound, 
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ever, in two cases, it lasted as long as thirty 
minutes. In all patients complaining of dis- 
comfort, the complaints diminished with each 
succeeding day of treatment. One patient 
presented a marked erythematous reaction of 
the skin edges which was subsequently avoided 
by exclusion of these skin margins from contact 
with the ointment during the dressing changes. 
In one patient bleeding from the base of a 
decubitous ulcer developed, which clearly illus- 
trates the débriding nature of this ointment. 

Occasionally the ointment tends to dry out 
and adhere to the wound, and its removal from 
the wound may require prolonged irrigation. 
The soiling of bed linen by the green color of 
the ointment was a minor problem on several 
occasions. 


COMMENT 


Papain-chlorophyll-urea ointment proved to 
be a successful chemical débriding agent. Even 
when it did not completely remove the slough- 
ing material, it greatly facilitated subsequent 
surgical débridement. It proved to have no 
effect on viable tissue, and the complications 
were relatively few in number and were never 
serious. It was found readily adaptable to out- 
patient use. 


SUMMARY 


Fifty patients with various ulcers and 
necrotic wounds were treated with a mixture of 
papain, chlorophyll and urea. This proved to be 
a valuable chemical débriding agent with few 
complications of a minor nature. 
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The Control of Hemorrhage from the Liver 


AN EXPERIMENTAL STUDY 


J. Conn, M.D. AND JAMes D. Harpy, M.D., Jackson, Mississippi 


From the Departments of Surgery of the University of 
Mississippi School of Medicine and the Veterans Ad- 
ministration Center, Jackson, Mississippi. 


HERE has been a striking decrease in the 
from traumatic injury to the 
liver since the advent of World War 11. This has 
been ascribed to general refinements in the care 
of the severely wounded, including availability 
of whole blood and antibiotics. Nearly all 
authorities agree that early operation is im- 
perative in these cases; however, there is no 
such unanimity of opinion as to what type of 
operative procedure should be performed. 


PROBLEM 


Hemorrhage, infection and bile peritonitis 
are the major causes of mortality and morbidity 
in injury to the liver. Hemorrhage, either pri- 
mary or secondary, caused over 50 per cent of 
the deaths in earlier reports [3,4]. However, 
with the increased use of massive whole blood 
transfusions and earlier operative intervention, 
hemorrhage has become a much less lethal 
factor. With the over-all decrease in mortal- 
ity, infection and bile peritonitis as causes 
for morbidity and mortality have increased 
percentagewise. 

It is generally agreed that gauze packing 
should not be used to control hemorrhage. If 
placed with sufficient pressure to control hemor- 
rhage from the hepatic arterial system, it may 
cause necrosis or sequestration of a portion of 
the liver. It blocks bile drainage and serves as a 
pathway for infection [6]. There is also a high 
incidence of secondary hemorrhage associated 
with its removal. 

Simple lacerations may be closed with 
mattress sutures of various materials, although 
there may be difficulty in tying sutures effec- 
tively on friable liver tissue, bleeding from 
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needle punctures and segmental necrosis of 
liver parenchyma [7]. A closed cavity may be 
created wherein bile, blood or pus may accumu- 
late. Such a collection of bile and blood with 
massive hemobilia secondary to closure has 
been reported by Sparkman and Fogelman [8], 
and Sparkman [9]. 

The newer hemostatic agents such as oxi- 
dized cellulose and gelatin sponge have been 
used in wounds of the liver, either alone or in 
conjunction with sutures. According to Frantz 
et al. [1], and Jenkins and Janda [2], these mate- 
rials should be regarded as foreign bodies and 
used with caution. Their absorption is slower 
than the time of primary wound healing. Con- 
sequently, they probably should not be inter- 
posed between two liver surfaces. They may 
also act as a nidus for infection. 

Fragmented wounds of the liver present the 
problem of débridement, as necrotic, seques- 
trated liver tissue leads to infection. Ablation 
of this devitalized tissue is an important ob- 
jective. This may be difficult because of creat- 
ing new bleeding surfaces, thereby adding to 
the extent of the surgical procedure in a patient 
already in critical condition. 

Madding and co-workers [5], reporting on 
wounds of the liver in World War u, stressed 
the importance of adequate external drainage 
by stating that in their opinion the establish- 
ment of adequate external drainage of both 
bile and products of tissue injury was the most 
important factor in the care of wounds of the 
liver. 

In order to find a practical method of accom- 
plishing all of the objectives of treatment in 
injuries to the liver, namely, complete hemo- 
stasis, debridement of devitalized liver tissue 
which might act as a nidus for infection, and 
control of bile leakage, the following experiment 
was carried out. 
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Hemorrhage from the Liver 


PROCEDURE 


Ten large mongrel dogs were selected for this 
experiment. In the first two dogs the portal 
vein and hepatic artery were isolated and tapes 
placed around them for control of bleeding. 
Following laceration of the liver, it was found 
that occlusion of the portal vein had very little 
effect on control of bleeding, while hepatic 
artery occlusion caused almost complete hemo- 
stasis, except for the hepatic veins. With the 
hepatic artery completely occluded, partial re- 
section of the left lateral lobe of the liver was 
performed. Bleeding points were coagulated 
with the actual cautery. This effected complete 
hemostasis, even after release of the hepatic 
artery. Consequently, it was decided to remove 
the left lateral and central lobes of subsequent 
dogs, using the actual cautery as both the 
cutting and the coagulating instrument. This 
procedure was performed on nine dogs. In the 
first of this group the hepatic artery was oc- 
cluded prior to resection. However, it was 
found that the coagulation was so effective with 
the actual cautery that hepatic artery occlusion 
was not found to be necessary on the last 
eight dogs. 

The most effective temperature for both 
cutting and coagulation was a setting between 
2 and 3 on the Geiger cautery, which made the 
tip a cherry red. After the liver lobe was placed 
on tension, the cautery was slowly advanced 
through the entire thickness of the lobe near 
the hilus, obtaining complete hemostasis by 
coagulating each large bleeder as the Jobe was 
transected. 


RESULTS 


All of these dogs were reopened at two-week 
intervals following the initial operation. All 
dogs showed adherence of the omentum to the 
cut edge of the liver. After freeing the omentum, 
the stump of the transected lobe was found to 
be covered by a densely adherent eschar, under 
which normal healing was taking place. There 
was no evidence of secondary bleeding or bile 
accumulation. In only one dog did an abscess 
develop at the site of liver transection. There 
was no mortality and, with the exception of 
the one abscess, no obvious morbidity. Al- 


though all dogs were closed without drainage, 
there was no accumulation of bile or evidence 
of bile peritonitis. 


CLINICAL APPLICATION 


Since January, 1956, a number of open biop- 
sies of the liver at the University and Veterans 
Administration Hospitals have been done, with 
the actual cautery removing a triangular sec- 
tion of the liver edge. These have been accom- 
plished without difficulty and without subse- 
quent mortality or morbidity. One patient with 
terminal carcinoma died four weeks later, and 
postmortem examination showed complete 
healing of the liver edge. 

To date there have been no cases of injury 
to the liver at either hospital which necessitated 
treatment by the actual cautery. However, it is 
anticipated that a thorough clinical trial will be 
given this method in the near future. 


SUMMARY AND CONCLUSIONS 


A brief review of the problem of injury to the 
liver has been presented. 

Hemorrhage from the liver in dogs nas been 
completely controlled with the actual cautery. 

Bile leakage or peritonitis has not occurred 
in this series. 

A thorough clinical trial is warranted. 
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SURGICAL REVIEWS 


Locating and Removing Foreign Bodies 


Joun J. MoorHEAD, M.D.,* Millbrook, New York 


From the Department of Surgery, New York University 
Post-Graduate Medical School, New York, New York. 


bodies purposely or accidentally 


introduced into superficial or deeper seg- 
ments of the body often become a problem in 
diagnosis and treatment in peacetime or war- 
time. In many cases the patient is unaware 
that there is a buried reminder of an almost 
forgotten incident when x-ray or other exami- 
nation is made for perhaps an unrelated pur- 
pose. The surprise is the greater when the site 
and size of the object is disclosed, and thus the 
suspected source may be charged to an occur- 
rence relatively recent or distantly remote. 
Likewise, the buried treasure may be far away 
from the scarring or other signs of the accused 
incident. These “lost and found” evidences 
are often deceiving, notably if the surgeon 
after a long search must admit his chagrin in 
failing to capture the elusive culprit, even if 
relatively subcutaneous. Generally speaking, 
these presumedly ‘‘easy to remove” invaders 
consist of a single object, but often there is a 
main portion with more or less added frag- 
menting or debris. The site, size, shape, depth 
and duration varies greatly. Structurally, these 
foreign bodies may be metallic, such as needles, 
pins, hooks, screws, missiles and other products 
of peacetime; or from warfare, bullets, shrap- 
nel, bombs and mines. Hidden clamps, scissors, 
surgical needles (Fig. 1), and other surgical in- 
struments, and wandering bone screws, nails, 
wire and plates are plagues to the surgeon and 
often expected balm for the litigant. 

Minerals are represented by fragments of 
stone, soil, sand, tar, cement, glass and others. 
Vegetable products may be beans, pulp or 
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paper. Animal remnants are usually of a bony 
or other ingested type. This listing is by no 
means complete but does represent what may 
be present after many transportation, occupa- 
tional, household, recreational or ordinary acci- 
dental incidents. Postwar remnants of military 
origin comprise another quota. 

In children, toys, paper, cotton, matchsticks 
and anything at hand may sometimes be found 
in the nasal or ear canals, and in the genito- 
urinary and anal outlets. In adults, queer 
things are sometimes discovered in the vagina, 
cervix, uterus or bladder when used as ex- 
citants or abortifacients. 

Injuries to the eye form a large quota, and 
it is in this area that great concern and prompt 
treatment is so important, especially if the in- 
vader is intraocular. Delay in removal is often 
inevitable, either because x-ray localization is 
unobtainable or is inexact even if interpreted 
by an expert. 

Intracranial foreign bodies are usually easily 
delineated by x-ray, and the site of penetration 
gives additional information, as will the neuro- 
logical symptoms. Of all the closed cavity 
areas, it is probable that skull penetration gives 
the most reliable x-ray information as to the 
exact site and size of the invader. 

Intrathoracic localization by x-ray and the 
external signs from the causative source are 
very helpful. However, involvement of the 
heart requires very careful x-ray and clinical 
coordination. If the penetrant is of large size, 
a fatality is usually immediate. Otherwise, with 
involvement of the wall of this organ, the oppor- 
tunity for operative relief is better. One such 
case will be described and illustrated herein. 
Lung penetration (Figs. 2 and 3) is less likely 
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Fic. 2. Needle in lung of five year old child. 
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to cause an immediate fatality, and this cavity 
well withstands penetrating violence and a 
planned thoracotomy. Through and, through 
penetration may leave small fragments that 
are designedly unmolested unless symptomatic. 
Drainage tubes and other bulky residents of 
any of these so-called closed cavities should be 
removed because of their pressure and infection 
probabilities. However, careful calculation is 
needed to determine the advisability of imme- 
diate or late removal, or a wait and see program. 

Intra-abdominal penetration is usually not 
the main indication for laparotomy inasmuch 
as hemorrhage and viscus perforation are the 
prevailing urgent manifestations. If an invader 
is imbedded in the soft parts of the contiguous 
vertebral or pelvic areas and opportunity per- 
mits, laparotomy may be indicated. A small 
perforation of a large vessel rarely requires 
operation. There is recorded a miracle case in 
which a shell fragment was successfully re- 
moved from the inferior vena cava by a French 
surgeon during World War 1. The diagnosis was 
made preoperatively by x-ray and confirmed 
by fluoroscopy which showed the penetrant 
moving with each heart beat. Involvement of 
the solid organs, such as the liver, spleen, kid- 
ney, uterus, or of the intestine or bladder 


Fic. 3. Bullet in lung. 


requires operation if conditions permit. How- 
ever, in most instances, the urgent need for 
exploration is hemorrhage with or without in- 
fection (peritonitis). 

Joint penetration is difficult to localize unless 
the missile and the site are readily visible in 
the x-ray. In the shoulder, the assurance is 
lessened because the possible exposures are 
limited and subject to distortion. In the com- 
parable hip joint, the same prevails to a greater 
extent. In the elbow, where the usual antero- 
posterior and lateral x-ray views can be rein- 
forced by oblique angles, the delineation is more 
accurate. Here, as elsewhere, it is very impor- 
tant to obtain opposite comparable films in the 
same axes. 

This also applies to the knee (Fig. 4), but 
with greater insistence because this joint has 
several intercommunicating compartments and 
protruding bony knobs (margins of femur, 
tibia and patella) into which a pointed pene- 
trant might lodge. Of all the accessible articula- 
tions, the wandering or change of position 
tendency is greatest in this area. 

If, over this joint (and in some others), an 
imaginary clock dial is placed across the 
articulation and the site of the invader is 
denoted on the patient’s joint as being at 12, 
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3, 6 and g o'clock, a fairly accurate guide is thus 
obtained from the films. Still more precise to a 
mariner-type surgeon is to superimpose an 
imaginary compass over the involved joint 
and set a course from the x-ray films, using 
the foreign body as a rocky shore to avoid and 
yet give to it special attention. The clock dial 
or compass readings can be used in many com- 
parable x-ray exposures, especially over flat 
surfaces. 

The wrist joint opacities and those of the 
hand can be confusing, especially if the frag- 
ment is very small. Considering the thickness of 
the palm and the fingers, it is surprising how 
often we fail to “‘bull’s-eye the target.”’ This is 
especially true in the thumb area where tendi- 
nous and muscular threads are often just as rigid 
as the needle or thin metal sliver we are seeking. 

The ankle joint and the foot and toes are also 
difficult zones, notably because the approach 
so often has to be made through the plantar 
area where the fascial and tendinous structures 
cause considerable confusion. Here, the clock 
or the compass devices may prove very helpful, 
particularly if the exploration has to be made 
from the sole. 


eedle in knee. 


In all of these joint areas a dry field is needed; 
hence, vessels should be ligated promptly. A 
suction device is an added assurance. Knots, 
however, should be made with fine material so 
that added confusion is avoided if palpation is 
necessary. Tactile sense may prove of great 
service, but the feel of a knot and not the object 
is disconcerting and palpation in any area 
should be gentle and precise. 

Intraspinal joints are difficult to explore, 
especially if the problem of a broken needle 
arises because of a spinal tap or an intraspinal 
type of anesthesia. The hazard is increased 
because exposure is in the zone of interlacing 
muscles and fascia, rich in vascular and neural 
supply. In this area, unusual operative caution 
is needed so that dislodging of the invader does 
not occur, with possible entry into the spinal 
canal. An imbedded large missile is usually 
easier to locate because the route from entry 
to residence often is visible throughout the 
traject when the area is exposed. This last, 
concededly, applies only to muscled areas and 
recent episodes. In World War 1, those of us 
who served in French or Belgian formations 
acquired the expression then used in foreign 
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body surgery, namely, “‘suivre le trajet,”’ which 
meant follow the trajectory. Fortunately this 
pathway was well outlined in many victims. 
This advice was very helpful when heavily 
muscled areas were invaded and almost a 
necessity in cases involving the thigh and 
buttocks, as we found out when on duty in our 
own sectors, such as Chateau Thierry and the 
Argonne, where mines, mortars and long dis- 
tance shells played so prominent and deadly 
a role. 

In addition to the films, there are several 
other identifications that may be of service. 
Some of these are available with fluoroscopy, 
although I do not advise the use of this modi- 
fication because it is not without danger to the 
patient and the surgeon. 

Various metallic markers are used over the 
suspected area, usually a button or coin; or 
indelible ink containing lead or iron filings; or 
wire mesh previously outlined and identified 
and firmly fastened to cardboard and to the 
skin. The triangulation process in x-ray technic 
is favored by some surgical explorers; likewise, 
needling of the suspected zone so that a sub- 
cutaneous vision is obtained by two or more 
surgical needles imbedded before the operation 
or at the.operating table. The clock or the com- 
pass idea has been mentioned. In the orbital 
region the Sweet method is probably the most 
popular and is quite reliable, often aided by 
magnets. However, for general purposes in 
nearly all anatomic zones, the Berman Locator 
device (described herein) is recommended. It 
has become the preferred device in this country 
and in many others since first described by me 
in December, 1941, following experience with 
it at Pearl Harbor. 


HISTORY AND SYMPTOMS 


The clinical manifestations sought are the 
zone or site of penetration, the size and shape 
of the perforation, the nature of the object 
involved, the distance from the invader at the 
time of injury and its probable route. The im- 
mediate effect in terms of impact force, bleed- 
ing, shock or other physical signs also have a 
bearing on the diagnosis and treatment. It is 
important to know if the source provided a 
direct hit and whether there was a prior con- 
tact with any intervening material or object. 
Ricocheting may change the route of the in- 
vader and thus pick up material (soil, road 
coverage, debris) that may add to the wound 


damage and lead to serious infection. It is 
important to remember that tetanus still 
exists, even in this horseless age. However, 
manure is yet used by gardening clans, despite 
abundant supplies of chemical fertilizers. 
Diminishing Fourth of July celebrations sup- 
ply their quota of bullets, shot pellets, burns 
and imbedded powder and wadding with, often 
enough, a surprising supply of buried material 
having infective properties. 

The site and size of the wound of entry be- 
comes of immediate importance as a first aid 
problem in terms of what I have called “the 
three horsemen of trauma,” namely, shock, 
hemorrhage and infection [4]. Bullets (revolver, 
rifle, machine gun, airplane and others) usually 
have a fairly circular wound of entry and pur- 
sue a straight course, unless deflected by body 
clothing or other externals. Subsurface progress 
is halted by the spent exhaustion of the source 
of the impact, the contact with bone or entry 
into some solid organ (liver, kidney, others). 
If the missile is of the through and through 
type, the exit will be irregular and blown out, 
often known as the balloon or bursting effect. 
Fragments from tools, machines, automobiles, 
screws, nails, bolts and other metallic fragments 
may be the sole or associate sources. If quite 
irregular or thin and angular, their rotation 
may create a boring effect out of proportion to 
their size and velocity. The heat thus produced 
may add a brush burn, or searing of sufficient 
intensity to damage the route traversed. 

Treatment depends upon the extent of the 
possible damage, the site and duration of the 
invading source and the facilities available. 
From this point, the patient, having been ex- 
amined, is given the routine treatment needed 
for any source that causes bleeding, with or 
without shock and associated injuries. How- 
ever, it is important to avoid further damage by 
undue handling, especially probing or a look- 
see, by enlarging or otherwise becoming curious 
as to the depth of the wound. Even if the 
causative object is in view, it is unwise to “‘pull 
it out” because it may be plugging a blood 
vessel or be entwined with a nerve. Adequate 
first aid is amply supplied by a firm dressing, 
making sure that adhesive, pins or other 
shadow-producing material will not confuse the 
radiographs which should be made promptly. 
Next is the decision to remove the invader at 
once or wait. It is advisable to decide if the 
situation is of the (1) “let it alone,” (2) “‘do 
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it now” or (3) “await further information or 
development” variety. As in any wound from 
any source, two surgical precepts should be 
remembered: (1) Every wound not made with 
surgical intent is already contaminated or in- 
fected. (2) Any definitive treatment rendered 
within the first six hours after trauma can 
usually be assured of prompt healing. This I 
have called the “‘golden period” [4] and it is 
imperative to recall chat the size and site of the 
wound is immaterial if we are to succeed. 

In the “let it alone group,” we do not explore 
seeking to remove the invader. In the “‘do it 
now” group, we seek to operate within the 
six-hour “‘golden period,” being reasonably 
certain that our x-ray and other examinations 
are adequate. In the ‘‘await further informa- 
tion or development”’ group, operation is post- 
poned for seven to ten days if the original port 
of entry has healed and the prospects of a 
successful search are good. 

This preceding schedule applies to recent 
foreign body trauma and represents the routine 
of wound treatment. Nothing has been men- 
tioned about using tetanus antitoxin, anti- 
biotics or any of the oversupply of cure-alls of 
the never-fail ‘‘miracle” variety. Antitetanic 
serum usage as a routine depends on such fac- 
tors as the known terrain, the source of the 
invader, the nature of the wound, the experi- 
ence of the surgeon, notably as to his knowledge 
of his own local territory, and the possible 
presence of a tendency toward tetanus involve- 
ment under similar circumstances. The question 
of allergy enters also and not to be forgotten is 
the history of prior administration of “shots” 
under military or other circumstances. If doubt 
exists, wisdom suggests the use of this prophy- 
lactic, taking the precaution to give a pre- 
liminary test for sensitivity. 

In the determination, the final decision rests 
upon the knowledge and experience of the 
surgeon who has learned to rely upon the 
answer to the self-propounded question that 
has been a guiding precept in many other 
emergencies, namely, “‘What usually and or- 
dinarily happens under like circumstances?” 


TREATMENT 


This relates to the initial, the intermediate 
and the final management in respect to a recent 
imbedding of any metallic material. There are 
known wound variants depending on the 
source, site, extent and symptoms, with or 


without localization. However, for descriptive 
purposes, we can divide the problem into three 
degrees: 1, mild; 1, moderate; and 111, severe; 
remembering that any break in the skin or 
mucous membrane from a non-sterile source 
imposes the possibility of infection. This ap- 
plies to the penetration from the point of a 
needle or the gross damage imposed by a huge 
shell fragment. Furthermore, the tiny pene- 
trant may be just as lethal as one greater in 
size, depending on the site, source and depth. 
A wide open wound of entrance may be much 
less a potential problem than a small foreign 
body buried in an involved important anatomi- 
cal zone. In addition to the hidden culprit, the 
element of possible infection may impose a 
hazard entirely disproportionate to the wishful 
hopes of the patient or surgeon. A tiny flake 
of steel in the eyeball is the classic example by 
comparison with a broken screw imbedded in 
the thigh or other heavily muscled zone. This 
separation of degrees or extent must not be 
regarded as absolute in terms of comparative 
importance in any zone. The classification is 
mainly employed to indicate the operative 
approach. 

Mild Degree Penetrants (Grade I). Here the 
imbedded invader has entered by a small blood- 
less orifice in a relatively unimportant area and 
has penetrated only to the subcutaneous level. 
There has been a reliable check up by x-ray 
unless the invader is visible or the position is 
indicated by swelling. There has been no prob- 
ing or meddling and the patient has been seen 
within the “‘golden period”’ of six hours post- 
trauma previously mentioned. 

Moderate Degree Penetrants (Grade II). The 
invasion is from an unknown or known source 
and is potentially infected; the wound of entry 
is ragged and there are marginal evidences of 
contusion. Bleeding is moderate. The penetrant 
is hidden and external palpation is negative 
except for swelling. X-ray shows subsurface 
penetration to at least the fascial level by a 
rough metal fragment approximately yy by 
M by inch. There are no important systemic 
signs. The patient or a friend “tried to get the 
thing out” with a hatpin or knife blade, but it 
“stuck and bled.” The injury occurred within 
the crucial six-hour period and there was the 
added damage from meddling; origin, broken 
fragment of a revolving machine. 

Severe Degree Penetrants (Grade III). The 
wound of entry is in a critical area, bleeding 
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and shock have occurred, the margins of the 
wound are ragged and contused, and x-ray 
examination discloses a metallic fragment ap- 
proximately 1 by 34 by \% inch imbedded in 
the abdominal wall or other crucial site. Fur- 
ther x-ray information is desired, and in the 
interval a firm dressing is applied, as the signs 
of hemorrhage and shock have abated. Tetanus 
antitoxin and antibiotics may or may not be 
used. If there are evidences of subsurface dam- 
age, exploratory laparotomy is advisable, 
despite the apparent non-penetrative evi- 
dences, x-ray and otherwise. Here the decision 
can be fortified by the collateral information 
previously named as to the source and nature 
of the penetrant, the probable trajectory and 
other items in the history of the episode. Here 
again the interpretation of signs and symptoms 
must be carefully weighed before operating. 
The final x-ray examination should be made 
as close as possible to the selected operative 
time, with the patient in the same position as 
if on the operating table. The approach through 
the abdominal wall should be so planned that a 
vertical enlargement | is possible, and thus the 
incision is in the midline or at the margin of 
the rectus. It is usually preferable to make a 
new incision rather than to enlarge the original 
site of entry, which may or may not be poten- 
tially contaminated or infected. When the ab- 
domen is entered the presence of blood, or 
stomach, intestinal or bladder contents may be 
evident at once and should be determined 
before giving attention to the invading object. 
Bleeding from a viscus is usually not severe 
except in the spleen; the omental and mesen- 
teric blood supply is active and may be the 
main hemorrhagic feature. If more than six 
hours have elapsed since the onset, the omen- 
tum may have fastened itself to the penetrant 
or the damaged viscus (as in a perforated 
gastric ulcer) and care is needed in separating 
it from this protective anchorage to avoid fur- 
ther bleeding. If the intestine or stomach is per- 
forated and the orifice in either can be closed 
by a purse-string suture plus a patch of muscle 
or omentum, this may suffice. Other openings, 
if small and not too contiguous, can be treated 
likewise if the bowel lumen is not thereby 
seriously obstructed. Otherwise, there are two 
choices: (1) resection with side-to-side or end- 
to-end anastomosis, or (2) bringing the gut to 
the abdominal wall to provide a temporary 
enterostomy. While the search is in progress, 


we must not forget that a tangential as well as 
a perforating effect may have occurred, 
notably if there has been a side-to-side entry 
and exit, rather than an anteroposterior ap- 
proach with lodgment in the abdominal or 
pelvic musculature. En route to the estimation 
of the total damage it is often a good plan to 
place an identification suture in the mesenteric 
area of a piece of gut that may be apparently 
unperforated. Later, this can be re-examined 
as a final check on it and other suspect sections. 
The liver, if penetrated by a direct or other hit, 
is likely to show several cracks, but the bleeding 
from it is usually of the oozing rather¥han the 
spurting variety. Gauze strip packing usually 
is sufficient and, in addition, in wounds of the 
upper surface, crowding it against the dia- 
phragm and keeping it there by packing be- 
neath the entire organ makes an excellent 
pressure dressing. Suture of this organ is hard 
to retain, but several twisted strands of gut 
passed on a blunt needle will act better than 
a single strand which tends to tear through or 
produce oozing and fragmentation. If the spleen 
is damaged and the orifice in it is large or is not 
of the rare oozing or subcapsular variety, re- 
moval is the best procedure because this organ 
over all others is prone to have a late resurgence 
of activity, even if apparently only super- 
ficially involved, and it does not respond well 
to packing or suture. The pancreas is rarely 
solely damaged, but usually is a part of an 
injury to the spleen or stomach. Packing is the 
main resort, with or without suture, by strands 
of gut or tape. The stomach withstands con- 
siderable damage and readily permits suturing, 
and may indeed require a massive recoverable 
resection. The bladder and uterus, of all the 
intra-abdominal organs, survive extensive dam- 
age and provide, as a rule, a_ reasonable 
response to suturing. The kidneys are usually 
affected by perforating sources entering from 
the lumbar area, unless intra-abdominal dam- 
age has also occurred and then the multiple 
effects are rarely recoverable. The operative 
approach for repair, lumbar or abdominal, is 
debatable and will depend upon what is deter- 
mined by the clinical signs and x-ray examina- 
tion. If the wound of entry is frontal, the 
intra-abdominal route is preferable to repair a 
probable multiple type of damage. Otherwise, 
the usual oblique nephrectomy incision can be 
chosen. A small perforation will often permit of 
suture; if there is much fragmentation, exsec- 
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tion is wiser. It is important to be sure that 
no horseshoe or solitary kidney exists. The 
question of removing the intra-abdominal in- 
vader is a matter for judgment, if it is lodged 
in muscle or bone. If it is firmly fixed and not 
obtruding and the exploration has been pro- 
longed, it is good judgment to desist, drain and 
depart from the operative zone. 

Drainage is always necessary if any of the 
organs have spilled their contents into the 
cavity. Usually some sort of drain (rubber or 
gauze) is used because this provides added 
security against infection and also acts as a 
telltale in the event of further bleeding. The 
site for the exit of the drain will usually be in 
the most dependent part of the area, and may 
extrude through the original incision or be placed 
in another site selected for a special purpose. 

Intrathoracic invasion is often fatal unless 
the intruder is small and has evaded the heart 
or vessels, and also when a through and through 
entrance and exit occurs. In this last a let alone 
policy is usually wisest, even if the penetrant 
seems to be lodged in the abdominal wall or the 
muscles of the back. Bullet wounds and those 
due to fragments of shells or other missiles 
provide the greatest quota in this zone. I have 
treated a police officer who had a .38 calibre 
bullet traverse his chest many years ago while 
he was arresting a burglar. No operation was 
performed and this missile is still silently dor- 
mant; however, he had a shell fragment re- 
moved from his thigh after his return from 
World War 11. Thoracotomy is routinely per- 
formed by rib resection if symptoms demand, 
but usually in the subsidence period, especially 
if there has been any post-traumatic effusion 
unrelieved by drainage. X-ray localization is 
usually reasonably accurate and the approach 
is generally from the anterolateral surface on 
the right costal margin, or on the anterior sur- 
face on the left. The posterior surface is not a 
desirable approach because it is more heavily 
muscled and the breathing apparatus is more 
affected while the patient is in the prone posi- 
tion than in the dorsal or lateral operative 
positions. In World War 1 a Parisian surgeon, 
Petit de la Villion, had a hospital in a chateau 
conservatory on the Bois de Boulogne. When 
on leave I often watched him remove shell frag- 
ments under x-ray and fluoroscopic control. He 
located the foreign body by x-ray films and 
checked by a fluoroscopic screen placed over 
the involved area. Then he made an intercostal 
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stab wound in the lateral chest wall, and 
through this he passed a long, thin clamp 
toward the missile. Thus, under fluoroscopic 
control, he literally snared the object in his 
clamp, shook it to make sure it was caught, and 
then withdrew it through the stab wound. A 
stitch or two was placed in the operative wound 
and in a few days the soldier could be released. 
It was dramatic, notably skillful and resembled 
fishing in a glass bowl. 

If the penetration is into the skull, we are 
essentially dealing with a compound fracture 
with or without depression, comminution and 
damage to the cranial contents. An immediate 
fatality is the usual rule if the missile is large, 
has a short range or enters a vital area. Other- 
wise, rfnoval offers a chance unless the lodge- 
ment zone is deep or in a strategic region, and 
if meningitis, abscess and herniation appear. 
X-ray localization can be quite accurate usu- 
ally, but the method of operative approach is 
another matter. The choice is between the 
area of entrance or another site that may be 
more accessible and presumably safer if it is 
available through a so-called silent zone. Basal 
damage usually means a surgical liability even 
if there are early signs of recovery following the 
initiating trauma. The ultimate effect of the 
penetration and of the surgical endeavor may 
give pause to any serious attempt at salvaging 
what may remain from the damaged brain. 
The brilliant removal of a war missile under 
Locator guidance is described herein. (Fig. 5.) 

Thus, it may be said that it is only the unu- 
sually lucky patient who escapes early death 
or subsequent disability of the mental and spe- 
cial senses following penetration of the cranial 
cavity. The through and through small pene- 
trant that traverses an unimportant pathway 
offers the best prospect as to the present or 
future. 

Involvement of the spine and contents is 
usually a problem affecting motor-sensory- 


_ visceral controls, in addition to the damage en 


route from the site of entrance to the lodgement 
of the invader. If there is concurrent intratho- 
racic or intra-abdominal injury, the outlook is 
usually very poor unless the missile is small 
and the route traversed evades important 
structures. The signs and symptoms—clinical, 
x-ray, surgical and neurologic—will indicate the 
type and advisability of operation. Immediate 
surgery will usually be indicated for hemor- 
rhage that cannot be controlled by other 
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means. After deliberation, the decision to 
perform laminectomy, thoracotomy or laparot- 
omy, alone or combined, will be given careful 
consideration if the general situation warrants 
and the chances for salvage are worth while. 
As is well known, injury to the spinal cord 
generally means a poor prognosis for ultimate 
restoration if involvement of muscle, bowel and 
bladder occurs. 

Joint invasion is frequently associated with 
fracture of the component osseous surround- 
ings and thus, the problem is compound frac- 
ture plus vascular and neural involvement and 
a residual indwelling metallic object. Hemor- 
rhage and shock may or may not complicate 
the clinical picture if a major articulation is 
involved and there are also associated injuries. 
Immediate operation is inadvisable unless there 
is urgency and, in all events, accurate x-ray 
examination is extremely useful. It should be 
made in several angles (with the same views 
of the uninjured joint for comparison) and 
positioned in the same axes as the patient will 
assume on the operating table. If the penetrant 
is small and the hemarthrosis large, the foreign 
body may be mobile enough to shift. This is 
most likely in the knee because of the ‘‘duplex 
apartment” structure of this articulation. Also, 
the penetration of contiguous bone is to be 
‘ remembered as a source of possible error in 
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believing the invader to be intra-articular 
when, in reality, it is imbedded in bone and has 
traversed the joint. For that reason it is often 
wise to flex as well as extend the joint when the 
films are made; thus, if the object appears 
fixed, we are warned to beware of bony pene- 
tration. I have had the deflating experience in 
an out of town hospital of seeking a needle in 
the anteroexternal margin of a child’s knee and 
missing it. Further x-rays were made later, 
showing the position to be in the popliteal area 
with the point of the invader stuck in the inter- 
condylar bony space. Experiences like this 
caused me never to be assertively certain unless 
the Locator showed me the exact site. Thus, 
my faith in this instrument became so strong 
that I would not explore without it and, if I did 
not find the invader, I should blame myself 
and not this apparatus, which has nearly abso- 
lute accuracy when properly used. 

In this foreign body category there is to be 
noted the objects which are accidentally or 
purposely introduced into the stomach by 
swallowing. Such other orifices as the nose, ear 
and eye also participate in this lost or disap- 
pearing from view group. The rectal, vaginal, 
cervix and urethral outlets also furnish their 
quota. Many of these invaders are not of a 
metallic type, but often are rubber, plastic, 
wood, glass or bone. 
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It is pertinent to state here that any wound 
that fails to heal should be suspected of harbor- 
ing a foreign body or leading to infected bone. 
In a personal experience this proved to be true 
in a patient who was seriously injured in an air- 
plane accident. The numerous wounds and 
fractures of the lower and upper extremities 
healed readily, but a minor wound of the upper 
forearm continued to drain. Numerous x-rays 
were unrevealing until a chance shadow in one 
showed a curious pattern that was interpreted 
as a foreign body. Exploration was made and a 
splinter of wood, approximately 3 inches by 
16 inch, was removed. One edge of this had been 
painted and furnished the shadowy clue. 

Foreign bodies ingested into the stomach or 
intestine may or may not give sufficient symp- 
toms to denote their presence. Others may 
quite promptly cause more or less pain, dis- 
tention, and vomiting, with or without bleed- 
ing. Generally, the stomach orifices dilate 
enough to pass the unwanted visitor within 
forty-eight hours; after that period, further 
X-ray examination is justified, unless a gastro- 
scopic search is a more potent procedure. 

Intestines are invaded from within by ob- 
jects passing through the pylorus or introduced 
through the anus. The size, shape and structure 
of these invaders will often arouse comment 
and surprise because they adapt themselves so 
easily to their host without localizing symp- 
toms. Surgical instruments and gauze or cotton 
fabric may not cause obstructive or other 
symptoms, remaining undisclosed until discov- 
ery is made by x-ray, barium tests or operation. 
Even large-sized laparotomy pads or towels 
have been found within the abdomen many 
times, and their site of entrance may be remote 
from the suspected zone of operation. 

Foreign body invasion through the vaginal, 
urethral, rectal or anal orifices is usually de- 
tectable by appropriate symptoms, of which 
pain and bleeding are prominent. If x-ray ex- 
amination is unrevealing, the use of the appro- 
priate diagnostic instruments may give the 
desired information. If the invader resides in 
the bladder, cystoscopic removal may be satis- 
factory, with or without the use of a crushing 
or chemical agency. The bladder well with- 
stands cystotomy if other measures are 
unavailing. 

Involvement of the eye, as stated, is often 
an occasion for great concern if metal is im- 
bedded, having the possibility of mducing 
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sympathetic ophthalmia. Foreign bodies of 
non-metallic type, such as glass or pebbles, 
may be equally menacing by causing wounds 
in areas essential to vision. It is remarkable 
how so many persons escape injury from broken 
spectacles, considering the number who wear 
them. Broken windshields and other incidents 
of automobile traffic provide many hazards in 
this foreign body type of trauma. The question 
of localization adjacent to or within the eyeball 
is all-important and should be made as soon 
as possible under the most competent available 
auspices. It was stated earlier that in no zone 
is the value of the Locator more appreciated 
and needed than in this orbital zone. 

Foreign body invasion of the nose and ear is 
usually relatively unimportant unless the 
assailant has penetrated deeply, as when asso- 
ciated with fracture, or if the invader becomes 
an infective agency. 

Accessories to the respiratory and digestive 
tracts, such as the bronchi and esophagus, are 
involved usually from non-penetrating sources 
by such acts as swallowing or coughing. The 
right bronchus is more often involved than 
the left because it has less angulation. X-ray 
or bronchoscopic examination will usually indi- 
cate the exact site of the invader and determine 
whether or not intubation removal is possible. 
Purposely induced coughing may expel an 
impacted uninvited guest, such as a missing 
tooth. In the esophagus, food products, fish 
or fowl bones, beans, pins and a host of queer 
objects may be deliberately or accidentally 
swallowed. A queer array of pins, small bed- 
springs and other metallic souvenirs was re- 
moved from the esophagus and stomach of one 
mentally unbalanced female [4]. The esopha- 
goscope, special forceps and magnets may aid 
in the removal of the unwanted, taking the 
precaution to proceed carefully for fear of per- 
foration or entering a diverticulum. Operation 
in these zones, bronchi or esophagus, is reserved 
for the unmanageables, resistive to other 
methods. 


THE LOCATOR 


Hitherto, we have referred to the clinical 
signs and symptoms of (1) penetrating foreign 
bodies purposely or accidentally introduced 
from without, and (2) the invaders that gain 
access through normal body orifices. Mention 
has also been made of the corroborative evi- 
dences obtained by x-ray or fluoroscopic 
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examination in the group of indwellers opaque 
enough to give a shadow on the screen or film. 
The invader, the assailant, the unwelcome 
visitor within, is aptly named by the French, 
“‘corps etranger,” or foreign body to our way of 
speaking. 

It now remains to discuss the uses of an 
electromagnetic finder of these metallic in- 
vaders wherever they may lodge, irrespective 
of their size, source and duration. However, 
first it is important to reassert that many 
foreign bodies remain inert throughout the 
lifetime of their host. They do so because they 
are not massive; do not involve active zones; 
are not in mobile areas, especially if narrow, 
long and rarely used in effort; are surrounded 
by fascia or imbedded in scar tissue; and are 
not subject to pressure and produce no irrita- 
tion or reaction. For example, a thin sliver of 
steel in the deltoid region may move as the 
outcome of effort, yet an identical object in a 
less mobile area remains quiescent and rarely 
wanders from the original domicile. A smooth, 
thin, sharp-tipped object such as a broken 
hypodermic or sewing needle is more likely to 
seek a new home even after a long residence, if 
living in an area of muscular or joint activity, 
the more so if in a position to be jostled by 
everyday activity. If the reverse pertains and 
the object has a diameter of 44 inch or more, is 
rough and has a home in a quiet neighborhood, 
then this visitor is likely to be a permanent 
resident. If, however, an infection has appeared 
reasonably close to the onset and healed, then 
the residual effect may not be so lasting and, 
on the contrary, is interrupted by unpleasant 
reminders of an incident perhaps of years ago. 

An eighty-seven year old man received a .44 
calibre bullet in the summit of the tibia seventy- 
three years previously and had it removed only 
to satisfy the curiosity of his doctors who were 
treating him for pneumonia; it “‘had been 
troubling him off and on” and there was occa- 
sional pain before a sinus reopened. This is the 
oldest residual foreign body on which I have 
authentic information.* 

It is important to remember that an invader 
rarely moves against gravity, or is it likely to 
shift from an area in which extensor rather than 
flexor muscles are the activators. A female 
patient of mine was aware that she had a needle 
in her buttock (Fig. 6) but for twenty-seven 


* Courtesy of Dr. E. H. Hunter, Webster Springs, 
West Virginia. 
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years it remained silent, until pain and swelling 
aroused the hitherto quiescent occupant fol- 
lowing a fall. With the aid of the Locator, I 
removed an incrusted blackened needle that 
had been broken into two pieces and was lodg- 
ing in scarred tissue. A feature to be remem- 
bered is that this foreign body type of trauma 
may not only cause death but also permanent 
disability and deformity. These are what I have 
often referred to as the “three D’s of trauma” 
[4]. The lodgment of an invader may cause a 
bulging or other noticeable defect that often 
demands removal for cosmetic reasons alone. 
It is prudent to mention to the prospective 
patient that the operative scar may be more 
prominent than the existing swelling or 
retraction. 

Often, the fear of “‘wandering”’ of the un- 
welcome resident may be a prevailing feature. 
This fear complex is often derived from some 
lurid report passed on by word of mouth, or is 
read in a newspaper or other printed source. 
These’ worries are generally more romantic 
and fanciful than anatomic or physiologic. 
However, experience tells us that they cannot 
be wholly disregarded, although their verity 
rarely withstands clinical scrutiny. It can be 
stated that after a quiescent period of six 
months’ residence, these aliens usually remain 
dormant unless some localized irritation occurs 
to arouse them. 

For many years I was the Chief Surgeon of 
the New York City Transit System, and in that 
position the removal of imbedded foreign bodies 
was often needed among our employee group 
of approximately 30,000. The labor incidental 
to the operation of subway, surface, elevated 
and automobile transportation, with the neces- 
sary shops and other mechanical accessories, 
provided ample opportunity for injury hazards 
of many varieties. For years, a large number of 
finders, wands, diviners and magnets had been 
tried and, in the main, found wanting. I was 
never certain that any of these devices, aided 
by radiographic and fluoroscopic apparatus, 
magnets, probes and other devices, would 
render my search reasonably certain. For that 
reason and after many trials with the available 
searchers, an apparatus was devised for me in 
1941 by Samuel Berman of the Electrical 
Engineering Department of the New York 
City Transit System. 

The impelling need for an improved searching 
device arose from the frequency with which 
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Fic. 6. Needle in buttock. 


employees of the System required surgical at- 
tention for the removal of imbedded metal 
accidentally acquired during the course of their 
employment. The answer was found in the 
electromagnetic device named the Locator* 
(Fig. 7) which has since had world wide 
acceptance under civil as well as military 
conditions. 

The initial model was first used by me suc- 
cessfully at the Reconstruction Hospital of the 
New York Post-Graduate Hospital in Novem- 
ber, 1941, to remove metal fragments from the 
ankle region of one of the policemen injured in 
the World’s Fair bombing incident of July 4, 
1940. Incidentally, this victim had 167 frag- 
ments imbedded in the front of his body from 
scalp to toes, and most of these small objects 
still remain in situ. 

The original Locator was brought to Hawaii 
to be demonstrated at a series of lectures I gave 
on traumatic surgery as a guest speaker of the 
Honolulu Medical Society. However, less than 
four days after my arrival, the fateful Sunday 
of December 7, 1941, the Pearl Harbor attack 


* Manufactured by the 
Ozone Park, New York. 
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gave abundant opportunity for proving the 
value of the apparatus at the Army Tripler 
General Hospital, where I was soon assigned 
to active duty as Colonel, Surgical Consultant. 
Subsequently, several of the Army surgeons, on 
two successive days, retrieved bomb fragments 
and other foreign bodies from more than a 
score of casualties. My most impressive experi- 
ence was the removal of a Japanese machine 
gun bullet imbedded between the interspaces 
of the lumbar spine, causing partial paralysis of 
the lower extremity and the bladder. 

The initial device was supplied with only a 
dial for registering the proximity of the invader, 
by a visual indication. Successive improve- 
ments soon added a loud speaker for simul- 
taneous aural indication, and increased the 
detecting range for both magnetic and non- 
magnetic metallic fragments. Briefly, the 
Locator (Fig. 7) is an electromagnetic detecting 
device [5] capable of detecting small particles 
of metal from some distance, despite inter- 
vening bone, tissue or fluids. It does not detect 
non-metallic substances such as glass, stone, 
wood, etc. In use, the indication of the meter 
on the instrument panel and, simultaneously, 
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Fic. 7. Electromagnetic foreign body locator. 


the sound pitch from a built-in loud-speaker, 
both rise when the search probe approaches 
the site of a metallic foreign body, and both 
drop as the probe recedes from the site. A 
foreign body is thus readily localized by noting 
the point on the surface where the peak indi- 
cation occurs. The Locator is highly sensitive 
to the magnetic metals (iron and steel) and 
will detect particles of magnetic material, no 
matter how small, from distances of approxi- 
mately ten times the diameter of the particle. 
Small masses of non-magnetic material (copper, 
brass, aluminum, lead, etc.), offer much less 
sensitivity and must be at least 3 mm. in diame- 
ter for practical detection. However, a larger 
mass, a .22 calibre lead bullet, for example, is 
readily detected from a distance of nearly 
1 inch,* and a .45 calibre lead bullet from 
nearly 2 inches. The apparatus resembles a 
portable radio and is contained in a carrying 
case which has all the accessory attachments 
included. It weighs 24 pounds. 

The instantaneous response of the instru- 
ment offers the advantage, in military or 
civilian mass injuries due to explosion or other 


* With the special model instrument for non-mag- 
netic metal detection. 
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causes, of quickly triaging or sorting out those 
persons who show positive indications of 
harboring metallic foreign bodies, without 
necessarily resorting to immediate x-ray. The 
greatest mass use of the apparatus of which I 
have notice was the removal of 202 foreign 
bodies from fifty-five patients within two days 
(with a single instrument), following an am- 
munition explosion at an eastern U. S. seaport, 
during World War u1. 

The Locator is now in use in twenty-six 
foreign countries as well as every state in our 
own country. The frequency with which an 
“‘easy to find and remove” object is found to 
be “impossible”’ after a long and disappointing 
search caused many of us to welcome this now 
highly valued mechanism. We seek to have 
some one person in our hospital familiar with 
the manipulation of it when an emergency 
arises. There is nothing difficult about its 
operation, but the infrequent user in a tricky 
situation may lack the needed experience. Cer- 
tainly, a cystoscopic, bronchoscopic or intra- 
tracheal procedure would not be attempted by 
a surgeon who perhaps was not perfectly 
familiar with the ordinary diagnostic methods 
and mechanisms. 
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As far as is known, this is the only practical 
apparatus of this type available today for this 
purpose. In World War 1, the Bergonnie appa- 
ratus was used by the French, and it provided a 
vibratory sensation to the palm when placed 
near the hidden missile. It was suspended from 
the ceiling on a pulley and was about the size 
and shape of a derby hat. For a large invader, 
it often aided me, but after the incision was 
made it was useless because it was bulky and 
non-sterilizable, inasmuch as no part of it 
could be used within an exposed area. The 
Germans also had a finder known as the 
Siemens, but it also was bulky and compli- 
cated. There are other forms of “‘finders”’ that 
are used for the detection of underground or 
underwater minerals, but most of these have 
a limited, if any, surgical use. A great advan- 
tage possessed by the Locator is that it pro- 
vides constant supervision as the operation 
proceeds, by virtue of the sterile covered probe. 
As previously noted, the “wandering” tend- 
ency of these invaders may occur preopera- 
tively as well as during the operation itself. 
This last may arise from palpation, retraction 
or sponging, and perhaps also by movements 
of the patient preliminary to deep anesthesia 
or en route to the operating room. 

A personal case showing the value of the 
apparatus in a World War 11 casualty follows, 
using the veteran’s own language: 

“The pertinent facts in the history of a piece 
of mortar shell you removed from the base of 
my tongue are as follows: Wounded January 
13, 1945, Luzon, Philippine Islands. Fragment 
entered neck below jaw bone about midway 
between left ear and point of chin. Swelling of 
tongue and loss of speech followed quickly. 
Evacuated to beach where tracheotomy was 
performed so that I could breathe . . . Sent 
to Navy Hospital ship on the 27th . . . pieces 
of four teeth removed from right side of mouth 

. and a gold crown taken out under chin 
on ship. . . . Fragments of shell still in floor 
of mouth. . . . In New Guinea, doctors at 
27th General Hospital advised leaving them. 
. . . In March, 1945, rejoined my battalion in 
Philippines. 

“‘From May, 1945 to April, 1952, . . . occa- 
sional pain . . . and lasting swelling and full- 
ness left side of tongue. . . . In April, 1952, I 
felt it shift... then it caused continued 
trouble .. . pain eating . . . swelling like 
mumps left side of face . . . located by Ber- 
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man Locator and confirmed by x-ray Vassar 
Hospital . . . operation May 7, 1952. 
Doctors Hospital, New York City ... ” 

Under local anesthesia I removed an oval, 
metallic, rough fragment (approximately 34 by 
Y4 inch) from within the left side of the base of 
the tongue, using Locator control. Aside from 
some “thick feeling” of the tongue, he has 
remained symptom-free to date (June, 1957). 
This is an example of the activation of a 
metallic fragment in an area of mucous mem- 
brane after a relatively silent residual period 
of seven years and four months. 

Regarding the value of this apparatus, the 
following examples of foreign bodies in special 
areas may be cited: 

Cases involving the eye, as previously indi- 
cated, have been very successfully managed 
in a large group of patients. Magnets, small 
and giant, in this area are often of special value 
because of the structures covering the eyeball. 
In other zones they are frequently useless be- 
cause their adaptability is limited, unless the 
invader is very superficial. The immediate use 
of the Locator apparatus is now routine in 
many eye clinics and hospitals in the event of 
any injury in the vicinity of the orbit. This 
precaution has the double value of checking 
whether or not a foreign body is present and 
if it is magnetic or non-magnetic. Furthermore, 
the voluntary rotation of the eyeball can indi- 
cate if the invader has or has not penetrated 
the eyeball and is fixed therein. 

Heart cases have thus far afforded only one 
notable opportunity, this being a patient of 
Dr. Alexander E. W. Ada of St. Luke’s Hos- 
pital. A needle was successfully removed from 
the patient’s left ventricle by the aid of the 
Locator. (Fig. 8.) This was one of the most 
dramatic and skillful operations I ever wit- 
nessed, and the patient was subsequently 
shown, fully recovered, by Dr. Ada at the 
meeting of the New York Surgical Society in 
1944. 

Intrathoracic cases have been relatively 
numerous and the facility with which the 
Locator probe can be introduced has been of 
signal aid in localization. (Fig. 2.) 

Intraspinal cases, likewise, have been notably 
successful and in this region the difficulty in 
localization and removal of broken needles has 
long been recognized. (Fig. 9.) In such cases 
particularly, harsh palpation must not be used 
as the needle may easily be pushed deeper, even 
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into the spinal canal. Adequate exposure, good 
light, a suction apparatus and everything that 
will aid in visual inspection with a minimum of 
tissue manipulation should be employed. Final 
approach should preferably be made from the 
side rather than from directly above. This cau- 
tion applies to the manipulator of the search 
probe, as well as to the surgeon. 

Hypodermic needles have often been broken 
and remained imbedded in various areas due to 
use by diabetics and otherwise in this intra- 
venous diagnostic and treatment era. They are 
especially difficult problems because so often 
they enter point-on, leaving only a small area 
exposed. The Locator has aided many of us 
under these circumstances. However, the 
Locator can be helpful only if the needle is of 
magnetic material (stainless steel, etc.). Non- 
magnetic needles (platinum, aluminum, etc.) 
do not respond to the Locator and, if acci- 
dentally broken, the removal attempt may 
turn out to be a very frustrating and futile 
experience. It is a wise precaution to test all 
stock needles with an ordinary magnet and, if 
the material evidences even the faintest mag- 
netic pull, it will have a good Locator response, 
should this aid be needed. 

Neck cases assume importance because of the 
mobility of the so-called ribbon muscles and the 
contiguous respiratory and swallowing mecha- 
nisms. In one case a fragment was lodged in the 
region of the thyroid, according to the radio- 
graphic interpretation. This patient was to have 
been used by me for a demonstration of the 
Locator but the day before the prospective 
operation the patient coughed up the offender. 

Brain cases also provide another field in 
which the sterile probe will become actively 
helpful. 

At the Neurological Hospital in New York 
the late Dr. C. B. Masson removed a shell 
fragment deeply imbedded in the midline of the 
brain of a soldier. (Fig. 5.) This surgeon as- 
serted that without his previous favorable ex- 
perience with the Locator, he would not have 
ventured to operate on this battle casualty. In 
his cases the cauterization of bleeding vessels 
obviated the use of clamps which would have 
interfered with the action of the Locator. 

It is to be remembered that the x-ray has 
much more depth application than this addi- 
tional precision instrument. Thus, a negative 
result with the Locator by no means denotes 
the absence of a foreign body. The outcome is 
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more assured if these two diagnostic agencies 
are combined; but when there is a search in any 
inaccessible area, the facility of the sterile 
probe has a field all its own. This applies in 
many zones, notably the orbit,. or whenever 
any segment has been exposed by operation. 

Foreign body pursuit is unlike many other 
types of surgery wherein inspection and palpa- 
tion of the operative zone usually determines 
the procedure. An imbedded invader, however 
valiantly attacked, may end in our defeat 
unless we have a seeing eye at our disposal. The 
quota of foreign bodies in this industrial age, 
with highway and airway accidents added, 
provides an increasing incidence rivalled only 
by wartime casualties. Out of my experience 
in peace and war periods an attempt has been 
made to show that this brand of surgery should 
not be taken lightly. On the contrary, the 
search for any subsurface object should be 
planned to make use of every available facility. 
The inflicting source may be airborne, land- 
borne, on or under water, due to accident or 
intent. Removal is advisable if the foreign 
body is accessible and the facilities are ade- 
quate, as no guarantee can be given that the 
invader will remain imprisoned for life. This 
contribution is in essence a plea for extraction 
of any foreign body unless operative removal 
imposes an additional hazard. 


CONCLUSIONS 


1. The search for foreign bodies is a special 
surgical quest; they often deceive us because 
they apparently are just below the surface, 
until we try to locate them. Very rarely do they 
require an office or casual procedure. 

2. Methods of determining their structure, 
site and size are stated as applied to various 
sections of the body, the viscera, closed cavi- 
ties, eye and other special senses, and the 
limbs. 

3. Recommendation is made to remove them 
promptly if (1) the symptoms demand; (2) 
facilities exist for diagnosis and operation; and 
(3) “wandering” or displacement is probable. 

4. Before attempting removal, always under 
strict aseptic precautions, the exact location 
should be determined, remembering that the 
site of entry and the place of lodgement may 
be far apart. 

5. X-ray or stereoscopic examination should 
be made with the patient in the same position 
as if on the operating table. To prevent wander- 
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ing or shifting of the invader, this examination 
should be made as near as possible to the oper- 
ating time, and in the interval the patient 
should be kept at rest and splinting used if 
feasible. 

6. When old settlers become active, such as 
postwar and other almost forgotten episodes, 
and are alerted by symptoms or x-ray examina- 
tion, we are not to rely solely on prior films for 
in the interval change of site may occur. 

7. There is no guarantee that wandering or 
shifting will not occur; the sites of same and the 
usual structure and form of.the invader is 
stated. 

8. After six months’ residence in silence, the 
chances of moving are lessened. A personal case 
is cited in which a war veteran had a reawaken- 
ing of the foreign body after a relatively silent 
period of over seven ‘years. 

9g. To my knowledge, the longest case of 
lodgement and removal is seventy-one years, 
and in this interval there were typical outbreaks 
of osteomyelitis in the head of the tibia. 

10. Of the many aids in locating these un- 
desired residents, my main reliance is on the 
electromagnetic Locator which has signal ad- 
vantages when used alone, and especially with 
x-ray facilities as an ally. 

11. This precision apparatus, like any other 
accessory instrument, requires a certain amount 
of training and experience to render the maxi- 
mum invaluable service it supplies. 

12. If the buried object is not retrieved 
despite a positive Locator response, my con- 
fidence in this apparatus is such that I blame 
myself rather than this scientifically accurate 
aid. 
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From the Surgical Research Laboratory, Stanford Univer- 
sity School of Medicine, San Francisco, California. 

TIMULATION of bone growth has been the 

subject of many experimental investiga- 
tions in an endeavor to obtain some practical 
method for equalizing discrepancies in the 
length of the extremities. 

As early as 1869 von Langenbeck [1] inserted 
ivory pegs into the femur and tibia of dogs. 
He obtained a minimal growth increase in some 
of the experiments. Other workers have tried 
similar experiments, some of which will be 
briefly reviewed. 

Meisenback [2] in 1910 injected a number of 
metals, chemicals and staphylococcus aureus 
into the region of the epiphyseal cartilage plate 
without influencing the activity of the growing 
plate. 

Konigswieser [3] in 1925 obtained some 
stimulation of growth after filling the medullary 
cavity with camphor and silver nitrate. 

BohIman [4] in 1929 made drill holes on 
either side of the epiphyseal plate into which 
he placed various metals, oils and vaccine 
paste. In general, he obtained a loss of growth. 
This appears to have been due to the fact that 
he had produced a direct injury to the plate 
by his operation. 

Pearse and Morton [5] in 1930 resected about 
3 cm. of the upper end of the fibula subperios- 
teally. On one side of the fibula they ligated 
the popliteal vein and found that there was an 
earlier and greater amount of callus than on the 
side on which the veins were not ligated. Al- 
though these experiments were not for length- 
growth studies, they are mentioned because of 
some subsequent studies in which ligation of 
vessels was performed. 

Ferguson [6] in 1933 drilled holes into the 
metaphysis through which he curetted the 
medullary cavity. He obtained some temporary 
increase in length-growth of the limbs. 

Wu and Milner [7] in 1937 repeated Fer- 
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guson’s experiments and obtained no increase 
in length. In other experiments they inserted 
foreign material into the metaphysis with 
negative results. They found that ligation of 
the femoral artery or the femoral vein causes 
no acceleration of growth. They also stripped 
off the periosteum in varying amounts from 
the shaft of the tibia and obtained length 
increase up to 1.5 cm. 

Compere and Adams [8] in 1937 made three 
large drill holes through both cortices of the 
femur of rabbits through puncture wounds. 
In so doing they produced minimal injury to 
the surrounding soft parts. About a half of the 
cortex was removed by this procedure and dis- 
rupted the blood supply to the medullary 
canal. No increase of growth occurred in the 
femurs. They also put markers in the tibia and 
femur at known distances apart and then frac- 
tured the bone between the markers. They 
detected that growth stimulation only lasted 
during the healing period of the fractures. 
Some of these experiments suggested that there 
was interstitial growth. The authors then con- 
cluded that the callus did not contribute to 
the increase in length-growth. They also found 
from a study of patients in whom full-thickness, 
cortical grafts were removed, that length- 
growth increases only during the period of heal- 
ing. Superficial, osteoperiosteal grafts caused 
no increase in growth. From these procedures, 
they concluded that trauma must be severe in 
order to stimulate length-growth. 

Chapchal and Zeldenrust [9] in 1948 based 
their experiments on the findings of Snook and 
Gaillard. The latter submitted cultures of 
osteoblasts of fowl embryos to various metals 
and found that the most toxic metals inhibited 
growth. The most toxic metal produced the 
greatest reaction in bone with the greatest 
reparative reaction and hyperemia. By placing 
different metals in the bone, they believed the 
galvanic currents would act as a stimulant to 
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growth. They found that copper and zinc pro- 
duced only a local reaction. Iron produced 
variable results and copper caused a lagging of 
growth. An absorbable material such as ivory, 
preferably large, thick pins of ivory, produced 
the best results. Pins which were allowed to 
project out from the cortex into the soft tissues 
because of the poor oxygen (anode) of the 
buried pin and the rich oxygen (cathode) of 
the exposed part produced a galvanic current. 
With large, ivory pins inserted laterally, they 
obtained a valgus deformity without lengthen- 
ing. The bone showed thickening in the stimu- 
lated area. With a pin placed medially, no 
deformity occurred, but some lengthening took 
place. Contrary to what was expected, there 
was no lengthening when pins were placed 
medially and laterally at the same time. They 
concluded that this method was not suited for 
humans because of the uncertainty of stimula- 
tion and the development of deformities. 

Wilson [10] in 1952, also with the idea of 
setting up an electrolytic reaction, used screws 
of different metals placed in the region of the 
epiphyseal cartilage plate. He found that 
twisted strands of different types of wires were 
better and that the combination of constantan 
and copper were the most suitable for stimula- 
tion of growth. In one experiment he obtained 
an 0.5 cm. increase in growth. In one human 
subject, a 1.0 cm. increase in growth was ob- 
tained as compared to the normal of 0.6 cm. 
He believed that there might be some loss of 
electrolytic force with the elapse of time and 
reinsertion might be necessary to obtain more 
length growth. 

Pease [11] in 1952 inserted two screws of 
various materials including Vitallium, brass 
and ivory, into the femur and tibia of patients 
with leg length discrepancies which resulted 
from anterior poliomyelitis, dislocation of the 
hip and congenital hypoplasia. He found that 
Ivory was the most suitable material. The 
screws were inserted into drill holes in the 
metaphysis of the lower end of the femur and 
upper end of the tibia, near the epiphyseal 
plate. The screws were placed, one anterior to 
the other with the distal end of each screw just 
passing through the cortex. The patients were 
given a teaspoonful of phosphorized cod liver 
oil for one month prior to operation, and the 
resulting arrested growth lines served as mark- 
ers for measuring the growth increase on the 
two sides. He obtained a variable growth 


stimulation with a maximum of 3 cm. Reinser- 
tion was performed in some cases to accelerate 
the stimulation after a quiescent period. An 
interesting observation was the crossing of 
screws that were originally parallel. No definite 
explanation was offered although it appears 
that there is the possibility of greater stimula- 
tion of interstitial growth at the large head 
end. The increase in transverse diameter could 
be due to stimulation of subperiosteal bone or 
to interstitial proliferation of bone. The in- 
crease of length-growth of the tibia which took 
place with screws only in the lower femur and 
the increase of growth of the lower epiphysis 
with the screws in the upper tibia are difficult to 
explain. Pease concluded that no valid con- 
clusion could be drawn from his few cases and 
further studies will be necessary to substantiate 
his results. 

Herndon and Spencer [12] in 1953 reported 
their experimental work performed in 1948 to 
1949, in which they placed electrolytic copper 
immediately proximal to the epiphyseal car- 
tilage plate. In some experiments they obtained 
a 0.23 cm. increase and in others a 0.23 cm. loss 
of growth. They concluded that copper does 
not appreciably influence linear growth. They 
did not report this work before because of the 
negative findings. 

Negative results may serve a purpose in 
demonstrating the uselessness of some proce- 
dures or lead the way to a successful method. 
It may be of interest to report the experi- 
mental work which.I performed in 1940 to 
1941, and compare the methods and findings 
on this subject with those of subsequent work- 
ers previously mentioned. 


METALS IMPLANTED INTO METAPHYSIS AND 
EPIPHYSIS 


The experiments were performed on growing 
rabbits under general anesthesia with the usual 
aseptic technic. The lower end of the radius was 
exposed and the following various types of 
metal were inserted into the bone: (1) single 
fragments of iron, copper or aluminum in the 
metaphysis near the epiphyseal plate, (2) 
single pieces of the same material in the epiphy- 
SiS (Fig. 1A), (3) a combination of copper and 
iron in the metaphysis to develop a galvanic 
reaction (Fig. 1B and C), (4) copper in the 
metaphysis and iron in the epiphysis, or vice 
versa, to develop a galvanic current across the 
epiphyseal plate (Fig. 2A and B.), (5) alumi- 
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1B 


1C 


Fic. 1. A, single piece of metal in epiphysis. No increase over normal growth. 
B and C, two pieces of metal in metaphysis—copper and steel. One piece re- 
mains behind with growth and the other, which is displaced laterally, is carried 


along with growth. 


Fic. 2. A and B, a piece of copper in epiphysis and a piece of iron in metaph- 
ysis. The metal in the metaphysis remains behind with growth. There is a 
slight increase in growth over normal. C, manganese oxide in metaphysis 
caused a destruction of epiphyseal plate with loss of growth. 


num in the metaphysis and epiphysis, and (6) 
black manganese oxide in the metaphysis. 
(Fig. 2C.) 

Results. In only one experiment was there 
any increase in growth when copper was placed 
in the epiphysis and iron in the metaphysis. 
In none of the experiments was there a loss in 
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growth except with manganese oxide which 
caused a destructive reaction to the epiphyseal 
plate. 
Comments. 
growth stimulation may be due to the fact that 
the implanted material becomes separated from 
the plate with growth of the bone. Another 
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3A 3B 
Fic. 3. A and B, circular wire about the epiphyseal plate. 


factor that may play a part is that the cartilage 
cells will respond only to certain types of 
stimulation or only when they have been at- 
tenuated by disease or abnormal development. 

In order to have a continual stimulus to the 
epiphyseal plate, as growth proceeded, the 
following experiments were performed upon 
dogs: (1) After exposing the lower end of the 
femur or radius, a loop of wire was passed 
circularly around the epiphyseal cartilage plate. 
(Figs. 3A and B.) (2) Wire loops of different 
metal were passed laterally and medially to the 
epiphyseal plate. (Fig. 4A.) (3) Loops of wire 
of different metals were inserted into the 
medial and lateral condyles of the femur 
through the intercondylar notch. (Fig. 4B.) 

Result. In each case there was a loss of 
length-growth. 

It was not realized at first that the wire loops 
compressed the epiphyseal cartilage plate and 
prevented length-growth. Although the results 
as far as stimulating growth were negative, 
these experiments opened a new field for the 
application of methods for mechanical retarda- 
tion of growth of bone. 


PITUITARY GROWTH HORMONE IMPLANTATIONS 


The hormone was placed in small cavities 
in the end of the radius as follows: (1) in the 
metaphysis near the epiphyseal plate, (2) in 
the epiphysis, (3) in both epiphysis and 
metaphysis, and (4) in the metaphysis and 
surrounding tissues near the epiphyseal plate. 

Result. In none of these experiments in 
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Fic. 4. A, wire loops of different metals placed medial 
and lateral to the epiphyseal plate. B, wire loop of 
different metals passed about the medial and lateral 
condyles of the femur through the intercondylar notch. 


which pituitary growth hormone was implanted 
near the epiphyseal plate was there any stimu- 
lation of length-growth. 

In 1953 the following additional experiments 
were performed: The femoral vein and artery 
were exposed in the inguinal region. The vein 
was then ligated. Pituitary growth hormones 
were injected directly into the femoral artery. 
It was also decided to inject pituitary growth 
hormones daily about the epiphyseal plate of 
the lower end of the femur. 

In control experiments in which the vein was 
ligated, no stimulation of growth took place. 
Wu and Milner [7] also found no acceleration 
of length-growth. 

Results. No increase of length growth took 
place after ligation and injection of pituitary 
growth hormone. 

Comments. Ray, Evans and co-workers [13] 
found in thyroidectomized-hypophysectomized 
rats that the greatest response in length-growth 
took place when both the growth hormone and 
thyroxin were injected at the same time. It 
would be of interest to try this combination or 
other hormones for injection in this type of 
experiment. 

There has been a considerable amount of 
discussion as to whether compression retards 
growth of bone and causes atrophy or whether 
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tension stimulates bone growth and prolifera- 
tion, or that both conipression and tension 
prevent bone proliferation. It is also maintained 
that tension will cause deposition of bone up 
to certain limits, but beyond the limits a bone 
can take, it will lead to absorption. 

. Without any definite conviction as to which 
theory is correct, it seems that with the reduc- 
tion of the load which the epiphyseal plate had 
to overcome in normal growth, there might be 
an increase in length growth. 

Strobino, Colonna and French [14] have 
shown that the force to be overcome before 
growth was hindered was about 500 pounds in 
the tibia of a calf. The amount would be less 
in a small animal, but would be considerable. 

Gelbke [15] in 1951 reported his interesting 
experiments in which he fastened one end of a 
wire into the diaphysis of the femur and the 
other end into the patella. As growth in length 
took place in the femur a tension force was 
exerted by the pull of the patella ligament on 
the apophysis of the tubercle of the tibia. He 
found no change in the bone or the epiphyseal 
cartilage. In another analogous method, he 
fastened one end of a wire into the shaft of the 
humerus and the other into the apophysis of 
the olecranon process. Thus, as growth took 
place in the humerus, a tension force was trans- 
mitted to the apophysis of the olecranon. There 
was no growth increase or changes in the bone. 
He concluded that, to a considerable extent, 
tension acted the same as pressure and caused 
a cessation of proliferation of the cartilage cells. 


TRACTION EXPERIMENTS 


We have performed two sets of experiments 
in an endeavor to use the growing epiphyseal 
cartilage plate of one bone to make traction on 
the epiphysis of an adjoining bone. After ex- 
posing the lower part of the femur and the 
upper portion of the tibia, a wire was passed 
through the epiphysis of the femur and then 
brought down into the subcutaneous tissue 
across the knee joint to beyond the epiphyseal 
plate of the tibia. The wire was next passed 
across the shaft of the tibia and brought up 
into the subcutaneous tissue on the opposite 
side and anchored to the other end of the wire 
at the original starting place. (Fig. 5 and 
Fig. 6A and B.) It was hoped that with the 
growth of the tibia there would be a traction 
force on the femoral epiphysis. 

In the other set of experiments the wire was 
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Fic. 5. Traction wire in epiphysis of femur to diaphysis 
of tibia. 


passed through the epiphysis of the tibia proxi- 
mal to the epiphyseal plate and brought up 
across the knee joint and passed through the 
shaft of the femur, proximal to that epiphyseal 
plate, and then back to the starting point. 
(Fig. 7.) In the latter experiments the pulling 
force would be exerted by the growing femoral 
epiphyseal plate on the epiphysis of the tibia. 

Result. No growth acceleration took place 
in any of the experiments. There was no loss 
of growth. 

Comments. The mechanism of these experi- 
ments is difficult to explain. If the loop acted 
as a compression force on one epiphyseal 
cartilage plate, a considerable loss in length- 
growth should have taken place. There was no 
appreciable decrease in length and growth kept 
up with normal size. It is possible that there is 
a balance of forces of growth, expansion and 
compression. 

In some of the experiments there was an 
increase in the curve of the lower end of the 
femur, evidently caused by tension. 


DIRECT EXPANSION FORCE ABOUT THE 
EPIPHYSEAL PLATE 


In the next experiments a method was 
devised so that a direct expansion force could 
be applied about one epiphyseal plate. The 
epiphyseal plate of the lower end of the femur 
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Fic. 6. A and B, traction wire in epiphysis of the femur to the diaphysis of the 
tibia. Showing growth changes and spreading of the wire loop. 


Fic. 7. Traction wire in epiphysis of tibia and diaphysis 
of femur. 
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Fic. 8. A, expansion apparatus about the epiphyseal 
cartilaginous plate anchored to the wires through the 
bone. B, expansion apparatus about the epiphyseal 
cartilaginous plate anchored to the threaded bolt. 
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was exposed by an incision on both the lateral 
and medial sides of the end of the bone. A wire 
or threaded rod was passed through the epiph- 
ysis distal to the plate. A similar wire or rod 


was passed through the diaphysis proximal to . 


the plate. An expansion apparatus was then 
anchored to the ends of the wire or bolts on 
each side. This apparatus consisted of a cylin- 
der, containing a wire spring at its base, which 
was compressed by a plunger inserted into the 
cylinder. (Fig. 8A and B.) Thus, there was a 
constant expansion force exerted by the com- 
pressed spring. 

Result. No acceleration of length-growth 
was obtained by this method. No loss of 
growth took place in the bone. 

Comments. The expansion power may not 
have been sufficient to exert any force in excess 
of the normal growing force of the epiphyseal 
plate. It is also possible that there are certain 
properties of the growth plate that cannot be 
influenced by external forces. 


CONCLUSION 


A series of experimental methods have been 
presented in which an endeavor was made to 
accelerate the normal growth of bone. Although 
none of the methods was successful, it is hoped 
that they will serve as a guide to some efficient 
way of enhancing length growth. It is also 
hoped that this work will stimulate additional 
investigation regarding the inherent growth 
properties of the epiphyseal cartilaginous plate. 
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CASE REPORTS 


Fractures of the Neck of the Femur 
in Children 


Dimitrios G. PAPADIMITRIOU, M.D., Jacksonville, Florida 


From the Orthopedic Service of Lynn Hospital, Lynn, 
Massachusetts. 


ere of the neck of the femur are rare 
among children when one considers the 
frequency with which they occur among adults. 
They are so rare that no one has had much 
experience with them [1]. 

All the published reports contain a small 
number of patients treated with different 
forms of therapy. 

In 1953 Ingram and Bachynski [2] from the 
Campbell Clinic published a study of twenty- 
four hip fractures which occurred in children 
since 1930. Eleven of these twenty-four pa- 
tients sustained a transcervical fracture, and 
five cases were in the category of cervico- 
trochanteric fractures. During the discussion 
of that study Sullivan [2] reported twelve 
intracapsular fractures seen in Boston City 
Hospital from 1934 through 1952. 

A review of the literature on this subject 
reveals a wide divergence of opinion as to their 
incidence, site of fracture, degree of displace- 
ment, form of treatment and percentage of 
complications [1-5]. All are in agreement that 
fracture of the neck is more often complicated 
in children than in adults and the development 
of avascular necrosis is more frequent. 

There is no doubt that avascular necrosis is 
caused by interruption of the blood supply to 
the femoral head. 

In children the arterial supply of the upper 
end of the femur differs from that demon- 
strated in adults. It is almost entirely formed 
by the retinacular vessels. 

On the basis of Tucker’s findings [6], the 


ligamentum teres circulation is a subsidiary 
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arterial supply and never substitutes for the 
main arterial supply from the capsular vessels. 
According to his observations the ligamentum 
teres artery penetrates the head and reaches 
the ossific center only in a small number of 
cases. The vessel spreads out mostly over the 
cartilage of the small fossa like the fingers of 
an outstretched hand. 

Wolcott [7] had previously come to the con- 
clusion that the ligamentum teres vessels do 
not penetrate the head at all and they do not 
reach the ossific center in children. On the 
other hand, the anastomotic pattern formed 
from the vessels of the ligamentum teres, 
capsular, and nutrient arteries is insufficient in 
children. According to Wolcott it does not exist. 
until ossification of the femoral head is almost 
complete. 

The above observations explain the higher 
incidence of avascular necrosis in children than 
in adults where the faveolar artery is larger, 
penetrates the head more often, supplies the 
head with significant amount of blood and an- 
astomoses with the other groups of vessels [6-8]. 

The location of the fracture and the degree 
of separation of the fragments are of greatest. 
importance [2]. Transcervical fractures are less 
complicated than fractures through the epi- 
physeal line and fractures at the level of the 
base of the neck. Here the vessels to the epiph- 
ysis are fixed directly to the bone by angula- 
tion [2]. One must also consider the form of 
therapy since repeated manipulations result m 
occurrence of avascular necrosis. 

In this study three fractures of the neck of 
the femur are presented. All patients were 
treated by the staff of the Orthopedic Service 
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Fractures of Neck of Femur 


twelve year old girl, taken December 23, 1954. The 
patient sustained a transcervical fracture of the left 
hip with displacement. 


of the Lynn Hospital and all fractures were 
the result of severe injury. There were no pre- 
existing pathological lesions of the bones. Of 
the three patients, one was a boy and two were 
girls. The male patient was twelve years of age 
when he sustained the fracture, and the female 
patients, twelve and fourteen. In all cases the 
fracture was transcervical with more or less 
noticeable displacement. 

One patient was treated with closed reduc- 
tion and Whitman abduction cast. The other 
two were treated with closed reduction and 
internal fixation, with a modified Smith- 
Petersen nail. 

We did not have any difficulty in the technic 
of nailing as many authors report. In the patient 
treated with manipulation and a Whitman 
spica, the fracture was stable enough without 
internal fixation. 

The nail was removed six months after the 
operation in one case and three months in the 
second. The spica was removed two months 
following application. Good bony union was 
seen in all cases. 

End results can not be reported since our 
follow-up does not exceed two years. 

The apparent damage to the epiphyseal plate 
as shown by the x-rays in the second case sug- 


Fic. 1B. Case 1. Roentgenogram taken immediately 
after reduction and application of a plaster spica, 
December 27, 1954. Good reduction was obtained. 


gests that an end result in this case may not be 
reached for some years to come. 

There has been no sign of avascular necrosis 
in any of the patients to date. 

All patients have resumed their full activities. 


CASE REPORTS 


Case 1. A twelve year old girl fell playing 
in the street in December, 1954 and suffered a 
mid-cervical fracture through the neck of the 
left femur. (Fig. 1A.) The shaft was displaced 
upward and outward and was in external rota- 
tion. The head was displaced posteriorly. 
Closed reduction was carried out by means of 
Leadbetter’s method and a double spica was 
applied. Check x-rays in plaster showed the 
fragments in satisfactory position. (Fig. 1B.) 
The cast was removed two months later. 

Close study of this patient fails to reveal any 
abnormality of the affected extremity. There 
is normal range of motion except for slight 
restriction on internal rotation of the affected 
hip. Bony union is evident. There is no shorten- 
ing of the affected extremity and the last 
x-rays taken twenty-two months after reduc- 
tion did not reveal bone necrosis. (Fig. 1C 
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Fic. 1C and D. Case 1. Roentgenograms (reversed) taken twenty-two months 
after reduction, September 28, 1956. Solid union of the neck of the left hip is 
evident. There is no sign of avascular necrosis. 


Fic. 2A. Case 11. Twelve year old boy who sustained a 
transcervical fracture of the right hip, April 24, 1955. 


and D.) The young girl has returned fto full 
activities. 


Case 11. A twelve year old boy was struck 
by a car on the evening of April 24, 1955, while 
riding a bicycle. He sustained a transcervical 
fracture through the neck of the right femur 
and a fracture of the lower end of the right 
tibia. He also suffered a concussion of the brain. 
(Fig. 2A.) 

Two days later, the fracture of the neck of 
the femur was reduced and nailed by means of 
a modified Smith-Petersen nail of appropriate 
length. Check x-rays showed the nail in satis- 
factory position. (Fig. 2B and C.) A plaster 
cast was applied to the right lower extremity 
for the fracture of the tibia which remained in 
good position. 

About a month following the operation a foot 
drop developed on the right side. 

The nail was removed three months after it 
was inserted. 
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Fic. 2B and C. Case 11. Roentgenograms taken two days after closed reduction and nailing, April 26, 1955. Satis- At 
factory reduction was obtained. 


Fic. 2D and E. Case 1. Roentgenograms [(D) is reversed] taken sixteen months after reduction and nailing, August 
30, 1956. The nail was removed three months after it was inserted. The fracture of the right hip is united. There is no 
sign of avascular necrosis, but the epiphyseal plate appears to be distorted and apparently damaged. 
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Fic. 3A. Case 111. Fourteen year old girl who sustained 
a transcervical fracture of the right hip with displace- 
ment, January 23, 1955. 


Personal communication with the patient’s 
private physician revealed that sixteen months 
following the injury the boy’s activities were 
nearly normal. The affected hip was painless 
with zero internal rotation. All the other move- 
ments were normal. About )4 inch shortening 
of the right lower extremity and 1 inch 
atrophy of the right thigh and calf were 
noticed. The foot drop had recovered but the 
patient was walking with a slight limp. 


3B 


Check x-rays disclosed firm bony union in 
good position with some shortening of the neck 
of the femur. The anterosuperior portion of the 
epiphyseal plate seemed to be distorted and 
apparently damaged. It was still open. No 
signs of avascular necrosis were seen. (Fig. 2D 


and E.) 


Case 11. A fourteen year old girl fell off a 
fence in January, 1955 and sustained a trans- 
cervical fracture through the neck of the right 
femur. The shaft was externally rotated with 
upward displacement. (Fig. 3A.) 

Three days later, with the patient under 
general anesthesia, the hip was reduced and a 
modified Smith-Petersen nail introduced into 
the neck and head. Its position was checked by 
x-rays and found to be satisfactory. (Fig. 3B 
and C.) 

Six months after insertion the nail was 

removed. Good bony union of the fracture was 
obvious. 
. ‘Twenty-one months following the injury, ex- 
amination revealed a painless hip with good 
range of motion. There was 1% inch shortening 
of the right lower extremity and about 15° 
limitation of hip flexion. The young patient 
was walking well and had returned to full 
activities. 

Check x-rays revealed continued satisfactory 
position and firm union of the fracture with 
some shortening of the neck. (Fig. 3D and E.) 


Fic. 3B and C. Case 1. Roentgenograms [(B) is reversed] taken after reduction and nailing, January 26, 1955. 
Good reduction and satisfactory position of the nail is seen in both views. 
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Fic. 3D and E. Case 11. Anteroposterior and lateral roentgenograms taken 
twenty-one months after reduction and nailing, September 28, 1956. The nail 
was removed six months after it was inserted. Solid union of the right hip is 
evident. There is some shortening of the femoral neck but the head appears 
normal, 


SUMMARY 


Three cases of transcervical fracture in 
children are reported. All fractures were the 
result of severe trauma. 

One patient was treated by means of a 
Whitman spica. The other two were treated 
with closed reduction and nailing (Smith- 
Petersen). 

Satisfactory results were obtained. To date, 
no sign of avascular necrosis is seen. 

In one patient the femoral epiphyseal plate 
appears to be damaged. 

All patients have painless hips and have 
returned to full activities. 
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Solitary Cyst.of the Kidney Associated 
with Renal Carcinoma 


JouNn I. WALLER AND WILLIAM A. ROLL, Halstead, Kansas 


From the Department of Urology, The Hertzler Clinic and 
The Hertzler Research Foundation, Halstead, Kansas. 

ROM time to time we are reminded of the 

curious situations in which malignant renal 
tumors are found within solitary or simple 
cysts of the kidney. Walsh [15] reviewed over 
500 cases of cystic disease of the kidney and 
found the incidence of malignant tumor to be 
7 per cent when the fluid was clear and as high 
as 30 per cent in hemorrhagic cysts. Lowsley 
and Curtis [rz] found that as high as 25 per 
cent of hemorrhagic cysts contain malignant 
elements. They further stated that about 7 per 
cent of solitary cysts contain neoplastic pro- 
liferations. Hepler [10] found thirty-seven 
hemorrhagic cysts out of 249 cases reported on. 
Braasch and Hendrick [2] found that eleven of 
163 cases were hemorrhagic. Bugbee and 
McKay [4] found cystic hypernephroma in six 
cases of their series. 

Gibson [8] reviewed the literature and re- 
ported three cases of cysts and malignancy in 
1954. He discussed the inter-relationship of 
renal cysts and tumors and suggested four 
possibilities to explain the occurrence. First, 
unrelated origin of cyst and tumor; second, 
origin of cysts within a tumor; third, origin of 
tumor within a cyst; fourth, origin of a cyst 
distal to a tumor. 

Provet, Lisa and Trinidad [12] reported a 
case of tubular carcinoma within a solitary cyst 
in which the presenting symptom was massive 
hemorrhage from the tumor into the cystic 
cavity. Gastrointestinal symptoms may be 
manifest as a result of pressure on the gastro- 
intestinal organs by the cyst. Pressure on the 
diaphragm may cause dyspnea, cough, or pain 
referred to the shoulders. Pain in the Join and a 
palpable mass may be present. Our patient’s 
chief complaint was tightness and swelling 
across the upper part of the abdomen, more 
marked on the right side. 
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A mass may or may not be felt in the upper 
abdomen. When a mass is present it is usually 
smooth, round, tense and elastic. There may 
or may not be renal tenderness. The plain film 
of the abdomen may reveal a mass in the region 
of the renal outline or may be entirely negative. 
Pyelograms may show a deformity of the renal 
pelvis and calyces with filling defect. If the mass 
is large and involves the lower pole, the ureter 
may be displaced from its usual course. Calci- 
fication of the cyst wall or tumor may be 
present. 

Translumbar needle puncture of the cyst 
and examination of the fluid has been done in 
poor operative risk cases by Clarke, Hurwitz 
and Dubinsky [5]. Puncture of the cyst and 
instillation of contrast medium was suggested 
by Ainsworth and Vest [1]. 

Aortograms may be helpful in the differen- 
tial diagnosis of tumor or cyst but appear to 
be of little help in the diagnosis of cyst con- 
taining tumor. 

Most authors conclude that there is no cer- 
tain pyelographic or aortographic means by 
which a diagnosis of cyst or tumor can be 
proved without operation. Scott [73] in his 
editorial comments in the Yearbook of Urology 
repeats this opinion year after year. Braasch 
[3], both in the literature and in seminars, has 
stated that surgical exploration is necessary in 
practically every case to make an exact diagno- 
sis of renal cyst or tumor. 

The treatment of solitary cyst associated 
with renal tumor is nephrectomy. However, all 
solitary cysts of the kidney should be carefully 
examined at operation for evidence of malig- 
nancy. If there is any doubt regarding that 
portion of the renal parenchyma adjacent to 
the cyst, a frozen section should be made. In 
discussing this matter at the South Central 
Urological meeting in Mexico City last fall, 
Dr. Ferdinand C. Helwig, pathologist at St. 
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Fic. 1. Pyelogram showing filling defect in right kidney. 


Luke’s Hospital, Kansas City, indicated that 
he would be prone to advise nephrectomy in all 
cases when the cyst contained grossly hemor- 
rhagic material to prevent leaving a malignant 
tumor. 

Solitary cyst may be associated with almost 
any type of malignant tumor of the kidney. 
Many different types have been reported. 
Colston [6] reported a papillary cystadenoma. 
Counseller and Melville [7] reported a leiomy- 
oma. Gutierrez [9] made an extensive review 
of the literature regarding large solitary cysts 
in 1942, and in one of his cases a Wilms’s tumor 
was found within the cyst. One of Gibson’s 
cases was sarcomatous in character. Several 
cases of hypernephroma have been reported 
with solitary cysts. One of Lowsley and Curtis’ 
cases was a hypernephroma and the other case 
a papillary carcinoma. In 1955, Schwiebinger 
and Hodges [14] reported a papillary transi- 
tional cell carcinoma within a solitary cyst in 
a seventy-seven year old man and an adeno- 
carcinoma associated with a cyst in a seventy 
year old man. 


CASE REPORT 


R. K., a fifty-seven year old white man, was 
admitted to the Halstead Hospital on March 
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Fic. 2. Anterior view of surgical specimen. The upper 
pole of the right kidney is preserved. 


Fic. 3. Cut surface of tumor. The lower half of the cyst 
cavity is filled with coagulated bloody fluid. The upper 
half has become invaded by solid friable tumor tissue. 
The wall of the cyst, except adjacent to the kidney, 
is thin and fibrous. 
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Fic. 4. The wall of the cyst is composed of fibrous tissue 
covered with a single layer of cuboid cells. No transition 
of the cuboid epithelium to tumor growth could be seen. 


Fic. 6. This area shows the structure of a hypernephroid 
carcinoma with clear cells, distinct cell border and light 
foamy cytoplasm. The histologic study of many different 
areas suggests that the tumor originated in renal tissue 
and invaded the benign solitary cyst. 


17, 1952, complaining of tightness across the 
upper part of the abdomen for two weeks prior 
to admission. He stated that he had been short 
of breath and had had to sit up to breathe at 
times. Wheezing and coughing were not present 
and he had no chest pain. There was no edema 
of the feet or ankles. He had eaten some home- 
made ice cream about two weeks prior to 
admission, and since that time had noticed a 
swelling in the upper right side of the abdomen. 
At times he had had a lot of gas and bloating. 
He had had no nausea or vomiting, and had 
seen no blood in the stools. He voided four 
times a night and voided three to six times 
during the daytime. He had had no gross 
hematuria, no pain or burning on voiding; he 


Fic. 5. The tumor a structure. cells 
are columnar, oxyphilic. 


voided a good free stream. His appetite had 
been good, his weight had been maintained at 
about 133 pounds for the past year. Other past 
and family history was non-contributory. 

Physical examination showed the patient 
to be a well developed, well nourished, white 
man of the stated age. The head, pupils, fundi, 
nose, throat, thyroid, chest and lungs were 
normal. The heart point of maximal intensity 
was in the sth interspace in the mid-clavicular 
line on the left. Blood pressure was 132/84 mm. 
Hg, the apex rate 120 and regular. The patient 
had a systolic murmur at the apex but no 
thrills. The liver, spleen and left kidney were 
not palpable; however, there was a palpable, 
smooth, soft and ballotable mass in the upper 
right side of the abdomen. The mass was tender 
to palpation. Rectal examination showed a 
grade 1, benign prostate. There was no edema 
of the face, hands, or ankles. Reflexes were 
physiological. The impression was tumor or 
cyst of the right kidney. 

A local cystoscopy was performed on March 
25, 1952, and an X-ray of the abdomen and 
bilateral pyeloureterograms were made. The 
x-ray showed a large globular mass in the right 
upper quadrant of the abdomen, which ap- 
peared to be kidney. The left kidney was of 
normal size and position. The pyelogram on 
the right showed a large mass in the region 
of the kidney; the pelvis and kidney were 
markedly dilated. It was our opinion that the 
patient had a tumor or cyst of the right kidney. 

Intravenous pyelograms were made and 
showed good function in the left kidney, with 
poor concentration of dye on the right. (Fig. 1.) 
The non-protein nitrogen was 35.2, creatinine 
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1.85 mg. per cent and urea nitrogen 18.7 mg. 
per cent. The sedimentation rate was 11 mm. 
within the hour. Blood count revealed a hemo- 
globin of 74 per cent, red blood cells 3,850,000 
per cu. mm., white blood cells 7,700 per cu. 
mm., with a normal differential count. Urinaly- 
sis on admission showed urine yellow in color 
and clear in appearance, pH 7.0, specific grav- 
ity 1.018, a trace of albumin, no blood, and 
1 pus cell per high power field. 

X-ray of the chest showed the bony thoracic 
cage to be normal, the right costophrenic angle 
was blunted. The right diaphragm was higher 
than normal, and this seemed to elevate the 
right border of the heart. The impression was 
cardiac hypertrophy with pathologic disease 
below the right diaphragm. 

On April 15, 1952, under general anesthesia, 
a right nephrectomy was performed. At opera- 
tion a huge, solitary or simple cyst of the kidney 
presented itself; it was about the size of a foot- 
ball. About a quart of hemorrhagic fluid was 
removed from the kidney in order to facilitate 
its removal. The patient had an uneventful 
postoperative course and was discharged from 
the hospital. The patient died ‘at home on 
June 28, 1952, of a heart attack. 

The weight of the specimen was 2,268 gm., 
after 1,000 cc. of fluid had been previously 
removed. (Figs. 2 and 3.) Cross sections 
through the tumor revealed most of the cavity 
filled with coagulated grayish brown material. 
The cyst wall was about 2 mm. thick. The 
kidney spread out over the cyst cavity and the 
kidney tissue which formed the wall was be- 
tween 2 mm. and 2 cm. In the portion of the 
cyst adjacent to the kidney tissue proper was 
a hemorrhagic solid tumor about 1 to 2 cm. 
wide of dark brown color. In the solid mass were 
yellowish areas and several cysts between 6 
and 11 mm. in size. No invasion of the kidney 
tissue was seen. Microscopic sections from the 
solid portion of the tumor showed a papillary 
structure. (Figs. 4 to 6.) The cells of some por- 
tions had the appearance of hypernephroma 
cells with distinct cell border, polygonal form 
and light foamy cytoplasm. In most portions 
the cells were columnar, opaque and oxyphilic. 
The nuclei varied in size, some being of giant 
size. There was extensive degeneration and 
hemorrhage in many areas. The lateral cyst 
wall was lined with a single layer of low cuboid 
cells. No invasion of kidney tissue by tumor 
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cells was seen; however, the cortex and the 
medullary portions were compressed and 
showed fibrosis with lymphocytic infiltration. 

The diagnosis was solitary cyst of the kidney 
with papillary renal carcinoma. 


SUMMARY 


A case of solitary cyst of the kidney asso- 
ciated with a malignant tumor is reported. 

Seven per cent of solitary cysts and 25 to 
30 per cent of hemorrhagic cysts contain 
malignant tumors. 

There is no positive method of diagnosis 
other than surgery. 

When the fluid of a solitary cyst is hemor- 
rhagic, great care must be taken to avoid 
leaving a malignant tumor in the kidney. 
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Pilonidal Disease of the Abdominal Wall 


Dona.p E. JANELLI, M.D., Williston Park, New York 


SM cyst has been described as a hair- 
containing sacrococcygeal dermoid cyst or 
sinus which often opens at a postanal dimple. 
It is usually considered to be a developmental 
defect having origin either from a remnant of 
the neural canal or from an ectodermal inclu- 
sion resulting from midline malfusion [4]. 
Sporadic case reports of pilonidal sinus having 
origin in sites other than the sacrococcygeal 
area have aroused interest as to the possibility 
of the lesion being acquired. 

Patey and Scarff, in 1946, reported a case of 
pilonidal sinus arising in an interdigital cleft 
of a barber [6]. Ewing reported a similar lesion 
in a barber in 1947 [5]. In 1948, Smith reported 
four cases of pilonidal cyst located in the 
perineum anterior to the anal verge [9], and in 
the same year Patey and Scarff reported two 
additional cases occurring in the interdigital 
webs of barbers [7]. In 1952, Aird reported a 
case occurring in the axilla [1], and Downing 
reported another case originating in a barber’s 
interdigital web [3]. Ten cases of interdigital 
pilonidal disease in barbers were reported in 
1953 by Currie et al. who stated that this 
lesion in this location is now known to be rela- 
tively common [2]. In 1956, Patey ana Williams 
described a case of pilonidal sinus of the umbili- 
cus, and on the basis of a detailed study of the 
orientation of two hundred sixty hairs found in 
the sinus believed that further evidence was 
provided against the validity of the theory that 
pilonidal sinus of the natal cleft is of congenital 
origin [8]. 

On the basis of their reported experience 
with four hundred forty-nine cases of pilonidal 
sinus, Dwight and Maloy suggest that the 
majority of these lesions are not congenital but 
acquired in origin. The basic pathogenesis is 
believed to be penetration of skin by loose, 
stiff hair shafts. This is particularly prone to 
occur in the presence of a skin dimple, hirsuties, 
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obesity, poor hygiene, tender or macerated skin 
and repeated trauma [4]. 

To the growing list of unusual sites of origin 
of pilonidal disease may be added another pre- 
viously unreported area. 


CASE REPORT 


R. S., a twenty-two year old white man was 
first seen on November 8, 1955 with the com- 
plaint of a draining sinus in the left postero- 
lateral abdominal wall. The patient had always 
been aware of the sinus; he had been told by 
his parents that he had fallen down a flight of 
stairs at eighteen months of age “rupturing 
blood vessels” in this region necessitating in- 
cision and drainage by the family physician. 
Since that time a sinus had persisted. The sinus 
was asymptomatic, however, until six months 
prior to the present examination when swelling 
and drainage appeared and recurred inter- 
mittently. Hairs had recently been removed 
from the sinus opening by the family physician. 

Examination was within normal limits except 
for the skin sinus in the left posterolateral 
abdominal wall. 

A probe was inserted into the sinus under 
local anesthesia. The tract was unroofed by 
incision and found to contain a bundle of hairs. 
A wide excision of the lesion was carried out 
and the wound primarily closed. Because of 


. subsequent drainage, the sutures were removed 


on the fifth postoperative day and the wound 
was opened and packed. Secondary healing was 
complete in slightly under two months’ time. 
The pathologic report follows: Grossly, the 
specimen was a 15 mm. ovoid of skin with a 
central opening leading to a previously opened 
tract about 20 mm. deep, which had a fibrous 
wall. In the tract were several projecting hairs. 
Microscopically, the tract was lined by strati- 
fied squamous epithelium and underneath this 
were some skin appendages including a few hair 
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shafts. The surrounding tissue showed a focal 
chronic inflammatory reaction. The diagnosis 
was pilonidal sinus. 

A fourteen-month follow-up showed no evi- 
dence of recurrence. 


COMMENTS 


A sufficient number of cases of pilonidal dis- 
ease have now been reported in other than the 
sacrococcygeal area to arouse curiosity as to 
the true origin of this lesion. The evidence 
presented in these cases suggests that pilonidal 
sinus is acquired. In the light of this evidence 
it is rational to postulate that most sacro- 
coccygeal pilonidal disease is acquired as the 
anatomic features peculiar to the sacrococ- 
cygeal area as well as the usual physical charac- 
teristics of the patient afflicted with this lesion 
are conducive to an acquired mechanism. 

The practical importance of recognizing the 
role of hair shafts in the pathogenesis of piloni- 
dal disease is reflected in the opinion of Dwight 
and Maloy who believe that recurrence follow- 
ing pilonidal surgery is caused by collection of 
hair in an imperfect scar [4]. Hair is the 
sine qua non in primary or recurrent pilonidal 
disease and the surgical management of this 
lesion should be based on this premise. 


SUMMARY 


1. The reported sites of extra sacrococcygeal 
areas of pilonidal disease are presented. 

2. A case of pilonidal sinus in a site of origin 
not previously described is reported. 

3. The accumulated evidence for pilonidal 
disease being acquired is briefly summarized. 
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The Sigmoidoscopic Diagnosis of 
Regional Enteritis 


Jack D. SELZER, M.D. AND RoBert T. McCarty, m.p., Milwaukee, Wisconsin 


From the Department of Surgery, Division of Proctology, 
Milwaukee County Hospital, Milwaukee, Wisconsin. 
eee enteritis is certainly not considered 
a rare disease, and formation of a fistula 
is a well known complication. However, the 
diagnosis of this disease with a sigmoidoscope 


Fic. 1. Case 1. Barium enema before operation demon- 
strates an ileosigmoid fistula. 


seems unusual enough to warrant a case report. 
Such diagnosis was made in two similar cases 
in patients admitted to the Milwaukee County 
General Hospital within a three-month period. 
These patients were seen in consultation by the 
Department of Proctology. 


CASE REPORTS 


CasE1. The patient, a twenty-one year old 
white woman, entered the hospital on Novem- 
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ber 11, 1956, complaining of weakness and 
fever of four days’ duration. In July, 1955, the 
patient had had a hemorrhoidectomy for rectal 
bleeding and rectal mucosal prolapse. Following 
the operation no further bleeding was noted; 
however, intermittent mild diarrhea and lower 
abdominal cramping pains did occur and per- 
sisted until the time of admission to the hos- 
pital. One week before admission she was seen 
by her physician, admitted to a local hospital 
and given a blood transfusion because of weak- 
ness and a hemoglobin of 10.5 gm. per cent. 
The weakness persisted and was accompanied 
with fever and malaise. The history was essen- 
tially negative except for anemia, which had 
been treated with iron compounds in 1953. 

On admission the patient was in no distress 
except for slight tenderness in the lower left 
quadrant of the abdomen. The laboratory re- 
ported hemoglobin 10.5 gm. per cent, red blood 
cell count 4.06 million per cu. mm., white blood 
cell count 8,950 per cu. mm., segmented neutro- 
phils 72 per cent, lymphocytes 13 per cent, 
monocytes 8 per cent, basophils 1 per cent, 
eosinophils 8 per cent. Urinalysis was negative 
for sugar, acetone and albumin. Total proteins 
were 6.8 gm. per cent, albumin 3.3 gm. per cent, 
and globulin 3.5 gm. per cent. Examination of 
stools was negative for ova and parasites. 

Sigmoidoscopic examination on November 
12th revealed an ulcerating, polypoid, easily 
bleeding, greyish tan lesion at the 5 inch level, 
beyond which the sigmoidoscope could not be 
passed. However, an infant sigmoidoscope was 
passed to the 8 inch level. Specimens were taken 
for biopsy, and the pathologist’s report was 
rectal polyp with inflammatory reaction. A 
repeat biopsy was identical with the first. 

A fistulous communication between the 
large and the small bowel was visualized with a 
barium enema (Fig. 1) and was confirmed by a 
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Sigmoidoscopic 


Fic. 2. 
fistula. 


study of the small bowel. The final roentgen 
diagnosis was regional ileitis with fistulous 
communication between the terminal ileum and 
the sigmoid colon, and abscess formation. 

During an exploratory laparotomy per- 
formed on November 17th, a large inflamma- 
tory mass was found in the lower left quadrant 
of the abdomen. It necessitated resection of 
30 cm. of terminal ileum, the cecum, the proxi- 
mal portion of the ascending colon and the 
rectosigmoid colon because of the fistulous 
communication between the ileum and sigmoid. 
An end-to-end anastomosis was made between 
the ileum and ascending colon, and between 
the rectum and sigmoid. The patient was dis- 
charged on November 26th, after a benign 
postoperative course. 


Case u. The patient, a fifty year old white 
woman, entered the hospital on December 14, 
1955, because of pain in the right flank. She 
said that for about twenty years she had had 
‘intestinal trouble” characterized by two to 
three loose, occasionally watery bowel move- 
ments every day. The bowel movements were 
accompanied with cramping and flatulence. 
The stools were light brown, and no blood or 
mucus was noted. One week before admission 
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Diagnosis of Regional Enteritis 


Case 11. Barium enema before operation demonstrates an ileosigmoid 


severe, cramping pain had developed in the 
right flank, which radiated around to the back 
and down into the right inguinal region. There 
was no nausea or vomiting, and the pain sub- 
sided within twelve hours of onset. A similar 
episode occurred one day before admission. 

The patient had had two operations, an ap- 
pendectomy in 1918 for a perforated appendix 
and a right salpingo-oophorectomy in 1934 for 
an ectopic pregnancy. Also, a diagnosis of 
regional enteritis has been made at a local hos- 
pital in 1946 and again in 1947. The diagnosis 
was based on multiple roentgen studies and on 
symptomatology. 

On admission the patient was noted to be 
poorly nourished and chronically ill, but she 
was not in acute distress. The remainder of the 
physical examination was non-contributory. 

The laboratory reported hemoglobin 9.5 gm. 
per cent, red blood cell count 3.37 million per 
cu. mm., white blood cell count 8,800 per cu. 
mm., segmented neutrophils 68 per cent, 
lymphocytes 22 per cent, monocytes 7 per cent, 
eosinophils 1 per cent, metamyelocytes 3 per 
cent. Urinalysis was negative for sugar, acetone 
and albumin. However, there were eight white 
blood cells per high power field. The total pro- 
teins were 4.75 gm. per cent, albumin 2.05 gm. 
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per cent, globulin 2.75 gm. per cent; the sedi- 
mentation rate was 62 mm. an hour. The stool 
was negative for blood, ova and parasites. 

Sigmoidoscopic examination on December 
15th revealed easily bleeding sessile and 
pedunculated polyps at the 5 inch level. The 
sigmoidoscope could not be passed beyond this 
point. A specimen was taken for biopsy and 
the pathologist’s report was rectal polyps with 
chronic inflammatory cells. 

A barium enema demonstrated an ileosigmoid 
colon fistula, which could not be confirmed by a 
study of the small bowel. (Fig. 2.) The diagno- 
sis of cholelithiasis was also made. 

The patient had a low grade fever while in 
the hospital; this was accompanied with 
cramping pain of the lower abdomen and four 
to five watery bowel movements every day. On 
December 23rd her temperature rose to 102°F. 
and the abdominal pain became more severe. 
Abdominal distention was also prominent. 
However, the bowel sounds were still audible. 
The patient responded quickly to conservative 
treatment with a long intestinal tube. By 
January 4, 1956, she was symptom-free and an 
operation was recommended for removing the 
diseased bowel. The patient refused the opera- 
tion and was discharged. However, symptoms 
recurred in June, 1956. At that time the termi- 
nal ileum, cecum and a portion of the ascending 


colon were excised, and the sigmoid was dis- 
sected free from the terminal ileum. The final 
pathologic diagnosis was regional enteritis with 
fistulas. 


COMMENTS 


The proctologist’s descriptions of the recto- 
sigmoid lesions and the pathologist’s reports of 
the biopsies from the preceding two cases were 
almost identical. The appearance of the lesions, 
however, was quite distinctive and should not 
be confused with that of typical rectal polyps. 
Certainly it is not common to find five or six 
benign rectal polyps grouped in an area less 
than 2 cm. in diameter, with normal mucosa 
above and below the lesion. Moreover, these 
so-called polyps were friable, bled easily and 
were easy to cut with the biopsy forceps; in 
short, they were quite unlike the usual benign 
rectal polyp. 


SUMMARY AND CONCLUSIONS 


Two cases of regional enteritis have been 
presented. In both cases there were almost 
identical rectosigmoid lesions. The appearance 
of these lesions seems distinctive, and when 
combined with a history of gastrointestinal 
disturbances it should at least suggest the 
diagnosis of regional enteritis with formation 
of a fistula. 
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pees cysts are epithelial lined cavities 
within the substance of the pancreas which 
are filled with fluid demonstrating pancreatic 
enzymic activity. This is a comparatively rare 
clinical entity. These cysts are most frequently 
associated with pancreatic duct obstruction 
within the substance of the organ, such as 
tumors, calculus or fibrosis. The rarer types 
are due to fibrocystic disease, polycystic dis- 
ease, dermoids and parasitic cysts [13,15]. 

Accumulations of partially digested pan- 
creatic tissue and blood, walled off within the 
substance of the pancreas following trauma 
or acute hemorrhagic necrosis (inflammation), 
are called “‘pseudocysts,” and are a distinctly 
different entity pathologically from true pan- 
creatic cysts. Pseudocysts are the least common 
of pancreatic cysts [2]. 

The presenting symptoms of pancreatic 
pseudocysts are usually varied and bizarre 
[5,12,18], and cysts and pseudocysts of the 
pancreas vary in size, location, etiology, ana- 
tomic relations, associated inflammatory reac- 
tions and the presence or absence of neoplastic 
elements [16,17]. It can easily be seen that in 
a desperately ill patient with acute hemor- 
rhagic pancreatitis or in patients who have 
recovered from a previous serious, acute illness 
related to the pancreas and in whom the 
pseudocyst developed secondarily, the physio- 
logic condition of the subject considered for 
surgery can vary from one extreme to the 
other [19]. In those individuals subjected to 
severe acute abdominal trauma with sec- 
ondary pseudocyst formation due to localized 
pancreatitis, it is quite possible that the surgical 
subject is in excellent physical condition aside 
from his primary complaint. The various types 
and locations of these lesions and the variety 
of symptoms produced demand _ individual 
consideration of each case and present an inter- 
esting challenge to the surgeon. 


Postpancreatic Pseudocyst in Adolescence 


INTERNAL DRAINAGE UTILIZING ROUX PRINCIPLE 


SAMUEL SHORE, M.D., Phoenix, Arizona 


The following is a case report of pseudocyst 
of the pancreas which occurred without a his- 
tory of trauma in a thirteen year old Caucasian 
boy. As far as we can determine, this is one of 
the youngest patients with proved pseudocyst 
of the pancreas recorded in the literature to 
date, occurring on an atraumatic basis. 


CASE REPORT 


This debilitated, white, thirteen year old boy 
was first seen by me on December 5, 1955, com- 
plaining of continuous epigastric pain, nausea 
and fever of one week’s duration. 

In the past, the patient had been an essen- 
tially healthy child prior to the onset of an 
illness occurring in October, 1955, at which 


time he had been hospitalized under other - 


medical care. At that time, the findings of fever, 
leukocytosis (20,950 per cu. mm.), the physical 
findings of an acute abdomen and the radio- 
logic impression of fluid in the lesser peritoneal 
cavity necessitated surgical exploration. An 
abscess of the lesser sac was drained. The fluid 
obtained was brown in color and contained 
debris. Escherichia coli and non-hemolytic 
streptococcus organisms were grown on culture. 
On the patient’s fifth postoperative day a serum 
amylase of 142 units (normal 80 to 120 units) 
was reported. He responded well and was dis- 
charged from the hospital on his sixteenth post- 
operative day. Three days later he was read- 
mitted to the hospital with a recurrence of pain 
and was treated expectantly. He was dis- 
charged after four more days of hospitalization. 
The past history and systemic review were not 
contributory except as indicated in the history 
of present illness. At the time of admission in 
December, 1955, this asthenic and debilitated 
boy complained bitterly of epigastric pain and 
denied all history of abdominal trauma. The 
positive physical findings were limited to the 
abdomen where a well healed epigastric mid- 
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Fic. 1. Preoperative flat film of the abdomen revealed 
partial outline of the cyst wall by virtue of the eggshell 
calcification in the right upper quadrant. 


line incision and right and left lower abdominal 
stab wound scars were noted. The entire ab- 
domen was guarded and tender, with some 
epigastric rigidity and marked tenderness pres- 
ent in the upper part of the abdomen. Hypo- 
active peristalsis was audible. On palpation, a 
mass of 10.to 15 cm. in diameter was suggested 
in the epigastric region. The mass did not move 
with respiration [16]. The rectal examination 
was non-contributory. 

Leukocyte count was 10,800 per cu. mm. 
with a normal differential count. Urinalysis 
revealed a 2 plus albuminuria with four to five 
pus cells per high power field. The serum 
amylase was reported as 216 units, urinary 
diastase 200 units (normal 150 to 300 units). 

Upright and lateral decubitus x-ray films 
of the abdomen were taken. An increased den- 
sity in the epigastrium, the lower margin of 
which was seen along the greater curvature of 
the stomach, and fluid in the lesser sac was 
demonstrated. Along the right margin of the 
density was a fine calcific density outlining the 
lesion. (Fig. 1.) 

On December 8, 1955, exploratory laparot- 
omy was performed through an upper ab- 
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dominal transverse incision dividing both 
rectus muscles. Exploration of the peritoneal 
cavity was carried out. Numerous upper ab- 
dominal adhesions between the anterior gastric 
wall and the small bowel and the peritoneum 
were lysed. Posterior to the stomach and in- 
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Fic. 2. Pancreatic cystojejunostomy utilizing the Roux- 
en-Y principle. Interrupted lines indicate retrogastric 
or retrocolic position of the structure. 


feriorly a bulging mass was both visible and 
palpable. The mass was approximately 12 to 
15 cm. in diameter and was cystic. The fluid 
within the mass was under tension. By means 
of needle aspiration the mass was evacuated. 
The fluid was clear and colorless in appearance. 
This was submitted to the laboratory for en- 
zymic activity. At a level of approximately 
eight inches from the ligament of Treitz, the 
jejunum was divided. The distal portion of the 
jejunum was brought upward to the base of 
the pseudocyst and an anastomosis consisting 
of two layers was carried out between the 
lumen of the distal jejunum and the cyst. The 
afferent portion of the jejunum was then 
anastomosed to the antimesenteric aspect of 
the efferent jejunum leaving a Roux-en-Y limb 
measuring approximately 15 inches in length. 
(Fig. 2.) The abdomen was then closed with 
adequate drainage in both gutters. The post- 
operative period was uneventful. The patient 
did very well and was discharged from the 
hospital on the eighth postoperative day. 

The pancreatic fluid taken from the cyst at 
the time of surgery was reported to have con- 
tained 50 amylase units (normal o to 40). The 
postoperative serum amylases were all within 
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Postpancreatic Pseudocyst 


normal limits. After the usual period of con- 
valescence this adolescent boy returned to 
completely normal activities without restric- 
tions and has done exceedingly well to date. 
One year following his surgery found this 
young man vigorous and well, having gained 


38 pounds (83.6 kg.). 


COMMENTS 


A review of the literature reveals the rarity 
of pseudocyst of the pancreas in childhood and 
adolescence. The pancreatic pseudocysts re- 
ported are almost invariably secondary to 
abdominal trauma [12], and are extremely un- 
common on an inflammatory basis prior to 
adulthood. The treatment of pseudocyst of 
the pancreas, in childhood as well as in adults, 
is primarily surgical [2,4,9]. 

The choice of surgical treatment of this con- 
dition is encompassed by (1) simple drainage, 
(2) marsupialization, (3) excision, (4) resection, 
and (5) internal drainage. Simple drainage and, 
whenever possible, marsupialization are recom- 
mended for poor risk patients [1,3]. Internal 
drainage has been accomplished by anastomosis 
between the cyst and the stomach, gallbladder, 
duodenum and jejunum [2,6,10a,10b], and is 
held to be superior to external drainage when 
feasible. 

Almost simultaneously, in 1948, three re- 
ports of the use of the method of internal drain- 
age utilizing the Roux principle between the 
pancreatic pseudocyst and the defunctionalized 
loop of jejunum appeared in the literature 
[7,8,11]. Since then the limited experience with 
this technic has brought it to the forefront as 
the treatment of choice for instances of pseudo- 
cyst in good risk patients [14]. 

Excision of pancreatic pseudocysts is most 
frequently not technically feasible because of 
the intense inflammatory reaction which causes 
adherence and danger to the surrounding 
viscera [1]. 

Pancreatic resection for this serious, though 
non-malignant condition, is considered ill ad- 
vised in most instances [6], particularly when 
the ‘‘cyst’”’ develops in the pancreatic head. 


SUMMARY 


A brief review of the pathophysiology of 
pseudocysts of the pancreas is presented. A 
case of pseudocyst of the pancreas occurring 
in a thirteen year old Caucasian boy without 
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a discernible history of abdominal trauma is 
reported. After preliminary diagnostic studies 
during which a well formed cyst wall was 
demonstrated radiologically, preoperative prep- 
aration was carried out and_ exploratory 
laparotomy with a Roux-en-Y cystojejunos- 
tomy was performed. Follow-up of this young 
man, after a period of one year reveals a 
vigorous, well and asymptomatic teen-ager 
who is now robust in weight and muscular 
development. 
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Splenectomy for the Treatment 
of Sickle Cell Anemia 


CASE REPORT AND COLLECTIVE REVIEW 


Rosert C. Lam, M.p., Leavenworth, Kansas 


From the Surgical Service, U. S. Penitentiary Hospital, 
Leavenworth, Kansas. 

ICKLE cell anemia was first described by 

Herrick [1] in 1910. It is a hereditary dis- 
ease chiefly afflicting Negroes, in a ratio of 
about 1 in 500 [2]; it has also been reported 
among white people. The sickling appearance 
of the hemoglobin is characteristic, and it is 
responsible for the thrombosis and infarction 
which are in turn responsible for the various 
manifestations of the disease [2,3]. In 1948, 
Pauling, et al. [2], having demonstrated a 
different electrophoretic mobility of the sickle 
cell hemoglobin from the normal, considered 
sickle cell anemia a molecular abnormality 
with the globin being at fault. 

In 1950, Itano and Neel reported a new 
abnormal hemoglobin-C. In 1954, Smith and 
Conley [4] presented their findings on the 
genetic variants of sickle cell disease which had 
come to include sickle cell anemia, sickle cell 
traits, sickle cell hemoglobin-C disease, sickle 
cell thalassanemia and sickle cell congenital 
hemolytic jaundice. 

The first splenectomy for the treatment of 
sickle cell anemia was reported by Hahn and 
Gillespie [1] in 1927. In their collective review 
of 1951, Shotton, Crockett and Leavell [7] 
listed a total of twenty-four cases. A further 
search of the literature up to date brings the 
total to thirty-three cases, including the one 
herein reported, with various results. (Table 1.) 


CASE REPORT 


A thirty-four year old Negro man was ad- 
mitted to the hospital on December 6th, 1955, 
suffering from weakness, faintness, lethargy, 
arthralgia and palpitation. 
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He was discharged from the United States 
Army in 1944 with the diagnosis of sickle cell 
anemia. Since that time his symptoms of 
rheumatic type of pain involving both knees 
and ankles, weakness and fainting spells, had 
recurred intermittently, requiring periodic 
blood transfusions. Ten months prior to admis- 
sion, six small blood transfusions of 250 cc. each 
were given over a period of two months, and 
for the last five months ten blood transfusions 
of 500 cc. each as well as oral hydrocortisone, 
had to be given to bring the hemoglobin to 
8.8 gm. and the hematocrit to 29 per cent. 

In the past his general health had been fair. 
He had the usual childhood diseases and under- 
went inguinal hernioplasty in 1930. Both 
parents, three brothers and six sisters were 
living and well. One brother had cholecystitis 
with cholelithiasis; one brother died of an in- 
fection of the hip at the age of eight; one sister 
died of tumor of the chest at the age of sixteen. 
The patient was married and had two children, 
both living and well. There was no family his- 
tory of sickle cell anemia, jaundice, malignancy, 
tuberculosis, diabetes, or mental illness. He 
drank some beer occasionally and smoked about 
a pack of cigarettes a day. 

Physical examination showed a rather as- 
thenic Negro man, weighing 140 pounds and 
measuring 73 inches. The skull was tower type. 
There was generalized lymphadenopathy with 
small, freely movable and somewhat tender 
nodes throughout. There was a grade 2 to 3 
systolic murmur over the precordium, loudest 
at the pulmonic area. P2 was louder than Az. 
The liver was 12 cm. below the right costal 
margin. The spleen was felt about 4 cm. below 
the left costal margin without tenderness. 
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Splenectomy for Sickle Cell Anemia 


TABLE I 
COLLECTIVE REVIEW OF SPLENECTOMY FOR THE TREATMENT OF SICKLE CELL ANEMIA 
(MODIFIED FROM SHOTTON, CROCKETT, AND LEAVELL [1], 1951) 


Case No. a R sen Size of Spleen Result Follow-up Period Author and Year 
“a 4, M, N Iliac crest : Good 8 yrs. Hahn and Gillespie, 1927 
1.6, M, N Iliac crest, 186 gm. Bell et al., 1927 
3. 2.5, F, N Umbilicus, 194 gm. | Good 8 yr. Conley and Lee, 1927 
4. 6, M, N Not palpable, 46 gm. | Fair 5 yr. Stewart, 1927 
5. 1.5, M, N Iliac crest Good 5 mo. Hahn, 1928 
6. 4, M, N Iliac crest, 621 gm. Good 14 mo. Landon and Lyman, 1929 
7. 4, F, N 4 inches below left | Poor 2 mo. Leivy and Schnabel, 1932 
costal margin, 200 
gm. 
8 18, F, N Not palpable, 10.5 gm.| Poor Died 1 day post- | Ching and Diggs, 1933 
operatively 
9 3.8, M, N Iliac crest, 295 gm. Good I yr. Boethe, 1933 
10 1, M, W Below umbilicus, 112 | Fair 3 mo. Cooke and Mack, 1934 
gm. 
Il. 4, M, N 630 gm. Good 7 days Landon and Patterson, 1935 
12 5, F, N Iliac crest, 655 gm. Good 3.5 yr. Landon and Patterson, 1935 
Splenomegaly Fair 3 yr. Landon and Patterson, 1935 
14 8, F, W Iliac crest, 480 gm. Good 10 yr. Haden and Evans, 1937 
15 15, F, W Iliac crest, 700 gm. Good 5 yr. Haden and Evans, 1937 
16. Poor 9 yr. Reinhard et al., 1944 
Poor 2 yr. Tanna [6], 1947 
4M, 2F,N_ | 
Fair 6 yr. Cole et al., 1949 and 1955 |7] 
a Splenomegaly Good 3 to II mo. Conley et al., 1950 
31. dieu Splenomegaly (?) 6 mo. Conley et al., 1950 
32 10, F, N Iliac crest, 1,850 gm. | Good 18 mo. Shotton et al., 1951 
33 34, M, N Iliac crest, 1,200 gm. | Undetermined | 6 mo. Lam, 1957 


Laboratory data were as follows: red blood 
cells, 3.4 million per cu. mm.; hemoglobin, 
7.1 gm. per cent; hematocrit, 24 per cent; white 
blood cell count, 6,250 per cu. mm. with 59 per 
cent segmented neutrophils, 45 per cent 
lymphocytes, 5 per cent monocytes, I per cent 
eosinophils, sedimentation rate 12 mm.; red 
blood cell morphology, moderate amount of 
sickle cells in various shapes, hypochromic with 
anisocytosis and poikilocytosis; many macro- 
cytes and monocytes with occasional normo- 
blasts; platelets, 233,000 per cu. mm.; bleeding 
time, two minutes; coagulation time, nine min- 
utes and 30 seconds; capillary fragility, normal; 
and blood group “O,” Rh positive. 

Urinalysis revealed the following: Color, 
straw; reaction, acid; specific gravity, 1.022; al- 
bumin, negative; sugar, negative; moderate 
amount of renal and squamous epithelial cells; 
urobilinogen, negative. 

Chemistry tests showed: Icterus index, 
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8 units; serum bilirubin, total 1.65 mg. per 
100 ml.; van den Bergh direct 1 minute, 0.10 
mg.; cholesterol, 99 mg. per cent; cholesterol 
esters, 45 per cent; cephalin flocculation, 1 plus; 
thymol turbidity, 4 units; serum protein, 6.05 
gm. per cent; albumin/globulin, 3.65/2.40; 
gamma globulin, 14 units; and bromsulfalein, 
less than 5 per cent. 

X-ray examination of the chest revealed 
bilateral congestion with questionable medias- 
tinal lymphadenopathy. X-ray examination of 
the skull and long bones of upper and lower 
extremities showed no characteristic findings; 
x-ray film of the abdomen revealed a markedly 
enlarged liver shadow extending below the 
crest of the right ilium, and a shadow in the left 
upper quadrant thought to be an enlarged 
spleen. Barium study showed splenic encroach- 
ment upon the stomach, and evidence of ex- 
trinsic pressure upon the right border of the 
stomach by an enlarged left lobe of the liver. 
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About two weeks following admission, peri- 
carditis developed which gradually subsided 
after about one month. Bone marrow biopsy 
was taken on January 31st, 1956, and showed 
a marked increase in the number of erythro- 
poietic elements, mostly at the late erythro- 
blast or normoblast stage of development, but 
with a large percentage of early erythroblasts. 
There was also a left shift in the myeloid 
series. 

On February roth, 1956, under general anes- 
thesia, splenectomy and liver biopsy were per- 
formed. The spleen was markedly enlarged and 
quite adherent. It weighed 1,200 gm. On sec- 
tions it showed a moderate hyaline thickening 
of the capsule with numerous foci of Gandy- 
Gamna bodies scattered throughout the capsule 
and within trabeculae. There was a marked 
perifollicular hemorrhage with sinusoidal con- 
gestion and dilatation and prominence of 
sinusoidal endothelial lining. Numerous sickled 
red cells were present throughout with marked 
hemosiderin deposition. The liver was also 
markedly enlarged with a gross appearance of 
pigment cirrhosis. A biopsy specimen taken at 
that time revealed a massive deposition of 
hemosiderin in yellowish brown pigmented 
granules in the sinusoids and especially in the 
connective tissue of portal triads where mod- 
erate fibrous tissue and bile ducts were present. 
Moderate bile stasis was present. 

The immediate postoperative course was 
satisfactory. With the exception of the blood 
replacement, during and immediately following 
surgery, no further transfusion was required to 
maintain the hemoglobin at 9 gm. and the 
hematocrit at 34 per cent. 

A bone marrow biopsy taken on March 28th, 
1956, about six weeks after surgery, showed 
the same abundance of erythropoietic elements 
but with a strikingly large number of target 
cells. The patient was making steady progress 
until a recurrent pericarditis developed on 
April 4th, 1956. He was vigorously treated with 
digitalization, oral hydrocortisone and anti- 
biotics for about one week before the peri- 
carditis subsided. Laboratory studies taken on 
April 20th, 1956, showed the following results: 
Red blood cells, 4.19 million per cu. mm.; 
hemoglobin, 12.7 gm., hematocrit, 45 per cent; 
ten nucleated red cells per one hundred lJeuko- 
cytes with the majority of red cells being 
macrocytes, less bizarre than at any time pre- 
viously; reticulocytes, 35 to 40 per cent; serum 
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protein, 4.4 gm. per cent; albumin/globulin, 
3.5/1.9; serum bilirubin, thirty minutes, 198 
mg./100 ml.; van den Bergh direct one minute, 
0.68 mg./10o ml., and indirect, 1.30 mg./100 
ml.; cholesterol and cholesterol esters, 79-40; 
cephalin flocculation, twenty-four hours, 1 plus 
and forty-eight hours, 1 plus; and thymol 
turbidity, 6 units. 

On April 26th, 1956, the patient was released 
from this institution and transferred to the 
Veterans Administration Hospital in Hines, 
Illinois. Initially upon transfer the red blood 
cell count was 4.6 million per cu. mm., hemo- 
globin 14 gm., hematocrit 42 per cent. His 
general condition improved steadily until he 
was permitted to go home for weekends. About 
two and a half months after his transfer phlebi- 
tis of the left lower extremity and the right 
popliteal area developed and he was treated 
with anticoagulants. Then evidence of pulmo- 
nary congestion, cardiomegaly and enlargement 
of the pulmonary artery segment appeared, 
together with a myocardial irritability mani- 
fested by the varying auricular and supra- 
ventricular rhythms. Red blood count was 
2.90 million per cu. mm., hemoglobin 8 gm., 
hematocrit 30 per cent. He died on August 1, 
1956. No postmortem examination was ob- 
tained. The immediate cause of death was 
cardiomegaly with myocardial insufficiency 
and auricular flutter with heart block and 
pericarditis. 


COMMENTS 


The case reported herein presents several 
unusual aspects: (1) The patient was a thirty- 
four year old Negro man, with a known history 
of the disease for twelve years. He was there- 
fore the oldest patient, to our knowledge, to 
have undergone such surgery. (2) The spleen 
was enlarged down to the iliac crest and 
weighed 1,200 gm., the second largest removed 
in sickle cell anemia. (3) The results were ap- 
parently good for six months following surgery, 
during which time no transfusion was necessary, 
as compared with the preoperative period 
when two transfusions per month were re- 
quired to maintain the hemoglobin at 9 gm. 
and the hematocrit at 30 per cent. (4) Con- 
tributing to the final downhill course was the 
presence of portal cirrhosis and hemosiderosis, 
cardiomegaly with a myocardial insufficiency 
and, finally, the recurrence of pericarditis. (4) 
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The clinical symptoms and signs of the case 
were strongly suggestive of sickle cell hemo- 
globin-C disease, but the surgical intervention 
was instituted too late to deter the impending 
complications. 

The consensus of opinion is that splenectomy 
does not cure nor alter the eventual outcome of 
sickle cell anemia [8,9, 10]. Instead, the rationale 
for surgery is to eliminate hypersplenism in 
order to lessen the imbalance of the hemo- 
poietic system [11]. This is brought about 
either by removing the enlarged spleen with 
its excessive humoral factors, causing matura- 
tion arrest and a “block”’ between the marrow 
and the blood, as per the endocrine concept of 
hypersplenism [12], or by removing the en- 
larged spleen with its excessive activity of the 
reticuloendothelial element upon the large 
amount of the circulating blood cells entrapped 
in the increased number of sinuses, as per the 
sequestration or phagocytosis concept [8]. In 
either case, as long as hypersplenism exists, 
splenectomy is considered to be of distinct 
value in the treatment of sickle cell anemia [13]. 

However, in reviewing the cases of splenec- 
tomy for sickle cell anemia so far reported in 
the literature, it is quite obvious that the re- 
sults are by no means uniform. Besides such 
factors as hypersplenism, the size of the spleen, 
the stage of the disease and the presence of 
complications, it is believed that the various 
results are predetermined in no small degree by 
the genetic variation of the disease; when such 
genetic variants of sickle cell disease as sickle 
cell anemia, sickle cell traits, sickle cell hemo- 
globin-C disease, sickle cell thalassanemia dis- 
ease, and sickle cell congenital hemolytic 
jaundice are more fully described and better 
understood, the result of splenectomy for sickle 
cell disease, of which sickle cell anemia is 
only a genetic variant, can be more definitely 
determined. 


Splenectomy for Sickle Cell Anemia 


0) 


SUMMARY 


1. A case of splenectomy for the treatment 
of sickle cell anemia is reported and the litera- 
ture reviewed. 

2. Hypersplenism is considered valid indi- 
cation for splenectomy for the treatment of 
sickle cell anemia, but the results of such proce- 
dure are not uniform. 

3. It is believed that the final evaluation of 
such a procedure must await a better under- 
standing of the genetic variants of sickle cell 
disease. 
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Heterotopic Bone Formation Associated 
with Hernia Following Gastrectomy 


G. O. McGinnis, M.D., Fairfield, Alabama, AND Danie Leavitt, M.pD., Roanoke, Virginia 


IRCUMSCRIBED extraskeletal formation of 
& true bone is also called traumatic myositis 
ossificans or myositis ossificans circumscripta. 
It is not infrequent following an injury by 
blunt force with damage to muscle fibers and 
formation of hematoma. It is more common in 
various muscles of the extremities which are 
subjected to repeated injuries or a single severe 
injury such as a fracture or dislocation. Ossi- 
fication may also be associated with neurologi- 
cal damage, arthropathies and fractures in 
tabes dorsalis. However, it occurs rarely in 
postoperative scars, as is evident by the few 
scattered reports in the literature. Bone forma- 
tion in the abdominal wall is more common 
above the umbilicus especially in or near the 
midline [5,6]. Many of the reported cases fol- 
lowed some form of gastric surgery [5]. How- 
ever, it has occurred following other procedures, 
including hernial repair [2], laparotomy for 
intestinal obstruction [6] and cholecystectomy 
[3,7]. In 1948 Abeshause reviewed seventeen 
cases from the literature of heterotopic bone 
formation following suprapubic prostatectomy 
and added one case of his own [1]. The pre- 
dominance of bone formation in the upper 
part of the abdomen has been explained on an 
embryological phylogenetic basis, i.e., the linea 
transversa is the embryological remains of a rib 
and the linea alba is the prolongation of the 
sternum. It is theorized that these structures 
may contain osteogenic elements [1,5]. 

Although the exact cause is not known, the 
most satisfactory explanation is that of meta- 
plasia of the fibroblasts stimulated by trauma 
in the presence of an excess of calcium and an 
adequate blood supply [1,5]. The date of 
onset varies from only a few days to several 
years [4]. 

A review of the recent literature showed 
numerous reported cases of heterotopic bone 
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formation but none were associated with a 
postoperative hernia, as in the following case. 


CASE REPORT 


This sixty-seven year old white man was 
first admitted to the hospital on August 14, 
1955, with the history of epigastric pain 
relieved by food and antacids for a period of 
approximately six years. He had previously 
had four episodes of hematemesis. Recently he 
had had persistent abdominal pain and vomit- 
ing. Past history revealed that the patient 
had had a primary syphilitic lesion in 1917 
which was treated at that time. There were no 
previous operations. The patient had had 
typhoid fever as a child. 

Physical examination revealed no abnormali- 
ties except for mild epigastric tenderness. 

A gastrointestinal series showed almost com- 
plete obstruction at the pylorus with 75 per 
cent retention in three hours. Serology was 
positive. On August 18th subtotal gastrectomy 
with a Pédlya-Hofmeister anastomosis was 
performed through an upper midline incision. 
The abdomen was closed with interrupted cot- 
ton sutures in all layers and a drain was brought 
out through a stab wound. The pathologic 
report was benign pyloric ulcer. 

Postoperatively, over a period of sixteen 
days the patient received a total of 10.5 gm. 
of intravenous terramycin,® 17 gm. of dihy- 
drostreptomycin and 13.6 million units of 
penicillin. 

On the twelfth postoperative day there was 
a superficial wound separation which was 
closed by three skin sutures under local anes- 
thesia in the patient’s room. He was discharged 
on the twenty-seventh postoperative day. 
When Iast seen in the clinic on October 23rd 
he was asymptomatic. A repeat gastrointes- 
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Fic. 1. Shows the gross specimen broken in removal. 


The hernia occupied the central area and the xiphoid 
process was attached above. 


tinal series was interpreted as showing a 
normally functioning gastroenterostomy. 

The patient was readmitted to the hospital 
on September 4, 1956, approximately thirteen 
months following gastrectomy, with a history 
of tenderness in the upper part of his incision 
and the presence of what he referred to as “a 
hard place” in this area for approximately six 
months. He also complained of nocturnal 
burning epigastric pain relieved by food for 
three weeks. 

Physical examination showed a fascial defect 
in the upper portion of the old incision which 
protruded on coughing and was tender to 
palpation. About this area there was a very 
firm ring which was moderately tender. A 
gastrointestinal series failed to show evidence 
of a marginal ulcer. Serology was again 
positive. 

On September 6th the patient was operated 
upon and the fascial defect exposed through 
the old scar. About this defect was a very firm 
ring of bone, the upper portion of which ex- 
tended up to the xiphoid as seen in Figure 1. 
About this bone there was dense scar tissue 
which bound it to the posterior layer of the 
rectus sheath and to the rectus muscle itself. 
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Fic. 2. This microscopic section shows true bone with a 
marrow cavity. 


The upper portion of the bone was connected 
to the xiphoid by fibrous bands but was mov- 
able. The ring of bone was dissected out and 
the fascial defect repaired. Postoperative 
serum calcium was 10.5 mg. per cent, phos- 
phorus 4.3 mg. per cent, and alkaline phos- 
phatase 4.1 Bodansky units. 

The pathologic report was as follows: The 
gross specimen consisted of four portions of 
bony tissue which together formed an elliptical 
ring 5 by 9 cm. At the upper pole it formed a 
mass 2 by 2 cm. The legs of the mass measured 
0.5 to 0.8 cm. in diameter. The legs met to form 
a point at the lower pole. The microscopic pic- 
ture showed the presence of true bone with an 
outer compact and an inner cancellous region. 
(Fig. 2.) Most of the marrow space thus formed 
contained adipose tissue, but in some regions 
there was active hematopoietic tissue. The 
latter contained normal marrow cells with per- 
haps a slight decrease in the number of mega- 
karyocytes. The bone and marrow cells 
throughout were uniform and benign. The 
diagnosis was traumatic myositis ossificans. 

The patient had no difficulties postopera- 
tively and was discharged on the third post- 
operative day. He was seen two weeks after 
surgery and was asymptomatic. 


SUMMARY 


An unusual case of heterotopic bone forma- 
tion associated with a hernia thirteen months 
following gastrectomy is presented. Although 
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the wound separation was considered super- 
ficial at the time of occurrence, it may well 
have been a factor in the bone and hernia 
formation. The persistently positive serology 
in spite of large amounts of antibiotics should 
also be considered in the etiology of this case. 
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Jejunogastrostomy for Feeding 


STANLEY S. FIEBER, M.D., West Orange, New Jersey 


AS is the curious custom of medical science, 
valuable contributions may lay dormant 
for decades or centuries without proper ac- 
knowledgment or application. Spivak [8], in a 
historical note, cited Tavel who in 1906 advo- 
cated the use of a hollow viscus as a tube 
_ between the stomach and skin. In 1950 Levy 
[6], unaware of the earlier applications, per- 
formed two jejunogastrostomies for feeding in 
the presence of obstructing tumors of the 
esophagus. A more recent case of such a 
jejunogastrostomy for feeding is presented 
herein. 

The reader is referred to Cunha’s [4] com- 
prehensive treatise on the inception and evolu- 
tion of gastrostomy between 1837 and 1911. 
Perusal of the literature in the past forty-five 
years sheds little additional knowledge on 
gastrostomy, although well over fifty different 
technics or plans of operation have been pub- 
lished [4,7,8]. Recently a prosthesis of stainless 
steel or nylon has been used by Barnes and 
Redo [1] for gastrostomy purposes. 

Indications for performing gastrostomies 
have been reduced in the past decade due to 
the thoracic approach toward more radical 
extirpation of tumors. Also, there has been a 
decrease in the incidence of lye strictures of 
the esophagus in this country. Nevertheless, 
the occasion still arises when an obstruction 
of the gastrointestinal tract above the cardia 
may require a temporary or permanent gastros- 
tomy. Inoperable carcinoma of the esophagus, 
as an indication, exceeds the combined total 
of all others. 

Shackelford [7] suggests the criteria for a 
satisfactory gastrostomy: It must (1) be con- 
tinent and not leak gastric juice or ingested 
foods; (2) permit the easy insertion of a tube 
so that the patient can feed himself; (3) present 
no unhealed granulation surface subject to 
infection; and (4) in certain cases permit easy 
and repeated instrumentation such as retro- 
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grade bougienage, retrograde esophagoscopy 
and gastroscopy. 

In general, temporary gastrostomies should 
be lined with serosa because the fistula will 
close spontaneously when the tube is removed. 
A fistula intended for prolonged or permanent 
use should have its tract lined with mucosa. 
Furthermore, since peristalsis tends to eject 
gastric contents, the longer and more indirect 
the canal is between the stomach and ab- 
dominal wall, the greater is the control over 
regurgitation. 

Stomal complications such as leakage or 
excessive granulations ranged from 5.6 to 
14.2 per cent for the serosal types [2,3,9] and 
12.5 to 25.0 per cent for the mucosal types [3,5]. 
However, the statistical validity of these fig- 
ures is to be questioned because of the sizes of 
the series, selection of cases and the surgical 
era. The disadvantages of “serosal”’ gastros- 
tomies are: (1) the catheter must remain con- 
sistently in the stomach or the fistula will 
close; (2) the catheter may slip out or be pulled 
out and may be difficult to replace. Some unu- 
sual complications have been encountered such 
as pyloric obstruction by the gastrostomy tube, 
erosion of the tube through the stomach and 
diaphragm, and complete prolapse of the 
stomach through the gastrostomy [2]. The chief 
disadvantage of “‘mucosal” gastrostomies is 
that they are more difficult to perform. The 
operative procedure is necessarily prolonged on 
a poor risk patient. However, with modern 
technics of surgery and anesthesia, the time 
factor has become less cogent. 


CASE REPORT 


The patient, a seventy-five year old white 
man, was admitted to the Essex County Hos- 
pital on February 21, 1956, complaining of 
progressive difficulty in swallowing for five 
weeks. The dysphagia was accompanied with 
regurgitation of liquids and solids previously 
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ingested. Tarry stools were noted intermittently 
for four months. 

The past and family histories were non-con- 
tributory. Review of systems was essentially 
negative for abnormalities except for difficulty 
in voiding fur two years. 

Physical examination revealed a normally 
developed, poorly nourished white man. Blood 
pressure was 120/80. Peripheral pulse was 110 
to 120 per minute and slightly irregular. Res- 
pirations were 20 per minute, temperature 
98°F. Head and neck were normal. The lungs 
were clear to percussion and auscultation. The 
heart was not enlarged or displaced. Apical 
rate was 110 to 120 per minute and also irregu- 
lar. No murmurs were audible. The abdomen 
was soft and scaphoid. The prostate gland 
was 3 plus enlarged, firm and slightly nodular. 
The skin was dry and wrinkled. 

On admission the white blood cell count was 
9,000 per cu. mm., with 64 per cent segmented 
neutrophils, 12 per cent stab forms, 16 per cent 
lymphocytes, 7 per cent monocytes and 1 per 
cent eosinophils. Hemoglobin was 93 per cent 
and the red blood cell count was 4,720,000 per 
cu. mm. Urinalysis revealed a specific gravity 
of 1.016, 2 plus acetone, trace of albumin, and 
35 white blood cells per high power field. Blood 
urea se ie was 14 mg. per cent and blood 
glucose 98 mg. per cent. Subsequent preopera- 
tive chemistries revealed serum chlorides at 
97.5 mEq./L., serum potassium at 3.9 mEq./L. 
and serum sodium 138 mEq./L. Total serum 
protein was 7.0 gm. per cent, with the albumin 
fraction 4.9 gm. per cent and the globulin 
fraction 2.1 gm. per cent. The indirect van den 
Bergh test was 1.0 mg. per cent. 

An esophagram performed on February 23rd 
disclosed an infiltrating lesion with narrowing 
of the lower third of the esophagus from the 
level of the seventh thoracic vertebra inferiorly. 
A discrete, dense mass 3 cm. in diameter was 
situated posteriorly in the right lower lobe. An 
upper gastrointestinal series on February 27th 
revealed no intrinsic changes in the stomach or 
small intestine. 

A working diagnosis of carcinoma of the 
esophagus was made. During the first three 
weeks of hospitalization the patient was morose 
and uncooperative. His esophageal obstruction 
became complete and he had to be sustained 
on parenteral feedings. When consent for 
surgery was received, the patient was barely 
able to raise his head or cough up secretions 
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overflowing from the esophagus into the 
bronchi. 

On March 2oth, under general anesthesia 
with pentothal,® oxygen and ether, the abdo- 
men was entered through a left rectus muscle- 
splitting incision. Neoplastic obstruction with 
local infiltration in the esophageal hiatus, plus 
a mass in the lung, made resection of the tumor 
unfeasible. A jejunogastrostomy for feeding 
was performed as follows: . 

Ten centimeters from the ligament of Treitz 
a 15 cm. segment of jejunum was isolated with 
its mesentery. The continuity of the small in- 
testine was re-established with a jejunojejunos- 
tomy. Then the distal end of the isolated 
segment of jejunum was anastomosed in two 
layers to the anterior wall of the stomach at 
the junction of the proximal and middle one- 
third. The proximal end was brought out 3 cm. 
through a stab wound in the left upper quad- 
rant of the abdomen, where a disc of skin 3 by 
2 cm. was removed. The pliable mucosa of the 
jejunum was everted and sutured to the skin 
edges over its serosa with interrupted No. 3-0 
plain catgut. Intra-abdominally, the serosa of 
the jejunum and its mesentery were anchored 
to the parietal peritoneum. The abdominal 
wound was closed in layers. 

For the first two days postoperatively the 
patient was given 10 per cent glucose in water 
drip through a No. 16 or 18 French straight 
rubber catheter inserted through the jejunos- 
tomy into the stomach. Gradually increasing 
amounts of a formula consisting of four cups of 
sustagen,® four eggs and ten drops of vi-penta® 
in 2,000 cc. of water were administered. 
Within two weeks the daily intake of formula 
averaged 2,400 cc. in divided feedings ranging 
from 300 to 450 cc. The rubber catheter was 
usually removed at night and reinserted in the 
morning. 

When the feeding was too rapid or too large, 
the stomach became acutely distended. Nausea 
with the inability to vomit caused extreme 
discomfort to the patient temporarily. That 
the intubated jejunogastrostomy did not leak 
or provide a vent when the stomach was 
acutely distended attests to its competency. 
Aside from occasional mild bouts of diarrhea, 
there were no postoperative complications. The 
patient’s nutrition improved steadily. In May, 
1946, he was discharged to a nursing home, fully 
ambulatory. However, in June he succumbed to 
pulmonary congestion and a failing heart. 
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Jejunogastrostomy for Feeding 


COMMENTS 


The revival of a jejunogastrostomy for feed- 
ing, an operative procedure performed initially 
over fifty years ago, is presented. Although the 
indications for performing a gastrostomy have 
been reduced in the past decade, its use is sug- 
gested when a permanent or prolonged gastric 
fistula is indicated. Examples are non-resectable 
carcinomas of the esophagus or cardia of the 
stomach, or any lesion obstructing the passage 
of food into the stomach. Jejunogastrostomy 
fulfills all the criteria for a satisfactory gas- 
trostomy, i.e., it does not leak, it permits easy 
insertion of a feeding tube, it presents no un- 
healed granulating surface, and it will permit 
easy and repeated instrumentation. The risk 
of performing this operation under modern 
surgical conditions is small. The comfort 
afforded to the patient is great. 


CONCLUSION 


A case is presented of non-resectable car- 
cinoma of the esophagus in which a jeju- 


nogastrostomy for feeding was employed 
efficaciously. The procedure of jejunogastros- 
tomy is suggested when a permanent gastric 
fistula is indicated. 
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Pseudocyst of the Pancreas 


Davip KapLan, M.D., Elmira, New York 


From the Department of Surgery, St. Joseph’s Hospital, 
Elmira, New York. 


eal emige of a pseudocyst of the pancreas 
produces death in 75 per cent of patients [9]. 
Consequently, all authorities agree that surgery 
is indicated in every case. Because so few cases 
of this disease are reported in the literature, the 
type of surgical treatment is controversial. 

Excision of the cyst has been considered the 
ideal method of therapy but is associated with 
a prohibitive degree of morbidity and mortal- 
ity [2]. In 1862 LeDentu reported surgical 
drainage of a cyst with resultant generalized 
peritonitis. Other methods of treatment range 
from marsupialization, first performed by Gus- 
senbaum in 1882 [3], to anastomosis between 
the cyst and the intestinal tract. Doubilet and 
Mulholland [6}, who believe that sphincterot- 
omy is the treatment of choice for recurrent 
pancreatitis, found a gradual disappearance of 
the cyst in nine cases of pseudocyst of the 
pancreas. The universal application of this 
method has been questioned because of the 
variable anatomic relationships which exist in 
the region of the sphincter of Oddi [1,7]. 

With the advent of cystoenterostomy-cysto- 
gastrostomy in 1919 [5] and cystojejunostomy 
in 1927 [9g], permanent cure of the cyst was 
accomplished without the morbidity of pro- 
longed drainage associated with marsupializa- 
tion. The latter is still considered by many to 
be the simplest and least hazardous treatment 
[11]. The theoretical objection to cystogastros- 
tomy, that gastric contents enter the cyst, has 
not been confirmed. Furthermore, experi- 
mentally, pancreatic secretion does not injure 


the mucosa [4]. Many of these cysts fulfill the © 


prerequisite for a transgastric approach, i.e., 
the cyst must lie at least partially retrogastric 
and be adherent to the stomach wall [zo]. 
Zaoussis believes that cystojejunostomy is 
more physiological because the external pan- 
creatic secretion is drained directly into the 
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small intestine. Cystojejunostomy combined 
with the Roux-Y procedure offers the advan- 
tage of short postoperative convalescence and 
eliminates the danger of reflux. Zaoussis [12] 
describes a case in which the latter technic 
was successful after failure of marsupialization 
and cystogastrostomy. 


CASE REPORT 


The patient, a thirty-six year old man, was 
first treated in September, 1953, for acute 
pancreatitis. The diagnosis was made from the 
symptoms of severe abdominal pain, mild shock 
and a blood amylase of 480 units (normal in 
this hospital is 70 to 200 units). After the acute 
episode had subsided under conservative man- 
agement, gallbladder and gastrointestinal x-ray 
studies were done. The gallbladder did not 
visualize but no opaque stone shadows were 
noted. 

The patient was not seen again until Janu- 
ary 7, 1956, when he came to the office claiming 
that for the previous two weeks he had ex- 
perienced non-radiating epigastric pain not 
related to meals. Aside from the illness in 1953 
the past history was not contributory. 

Examination revealed a well developed white 
man who did not appear ill. On inspection the 
abdomen appeared slightly rounded. A large, 
smooth, rounded mass could be palpated which 
filled the epigastrium and left upper quadrant 
of the abdomen. The liver and spleen were not 
palpable. There was dullness to percussion 
over the mass. Otherwise the patient displayed 
no abnormality. 

The following laboratory tests were all nor- 
mal: complete blood count, sedimentation rate, 
bleeding and coagulation times, prothrombin 
time, fasting blood sugar, non-protein nitrogen, 
icteric index and blood amylase. The post- 
prandial blood sugar was 208 mg. per cent. A 
gastrointestinal x-ray series was reported as 
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Pseudocyst of Pancreas 


Fic. 1. Preoperative gastrointestinal x-ray. 


follows: “‘There appears to be a mass extrinsic 
to the intestinal tract which is widening the 
loop of the duodenum and pushing the stomach 
upwards.” (Fig. 1.) A barium enema was 
negative. 

A laparotomy was performed on January 18, 
1956, for a pseudocyst of the pancreas. On 
opening the abdomen the gastrocolic ligament 
was encountered. This contained many large, 
dilated blood vessels, the largest of these 
measuring about 8 mm. in diameter. Beneath 
the gastrocolic ligament a cystic mass about 
7 inches in diameter could be palpated. The 
stomach was located high up beneath the 
diaphragm and was not adherent to the cyst. 
The liver, which was difficult to palpate, was 
of normal size, soft and smooth. The gall- 
bladder was rather small although somewhat 
distended. Stones could not be palpated. The 
omentum was then lifted up and the cyst could 
be seen presenting beneath the transverse 
colon through the mesentery. 

A loop of jejunum about 30 cm. from the 
ligament of Treitz was adherent to the cyst. A 
trocar was introduced into the cyst close to the 
adherent jejunum and about 3 L. of yellowish 
turbid fluid were evacuated. The amylase activ- 
ity of this fluid was reported as 500 units. 
Malignant cells were not found. The cyst was 


Fic. 2. Gastrointestinal x-ray taken postoperatively. 


gently explored with a finger which reached 
to the posterior abdominal wall. The cyst 
seemed to rise from almost the entire pancreatic 
area. No definite pancreatic tissue could be felt 
with the exploring finger. However, just to the 
right of the cyst wall and apparently con- 
nected with it was a small area of fairly firm 
pancreas-like tissue about 5 cm. in diameter. 

Section of the cyst wall did not show car- 
cinoma on histological examination. The open- 
ing in the cyst wall was then enlarged to about 
4 cm. and an anastomosis performed between 
the cyst and the adherent jejunum. An inner 
row of continuous interlocking chromic and an 
outer anterior row of interrupted cotton sutures 
were inserted. A posterior row of cotton was 
not necessary since the jejunum was already 
adherent to the cyst. The jejunum was then 
divided just proximal to this anastomosis and 
a Roux-en-Y procedure was completed, the 
defunctionalized loop being about 20 cm. long. 
The region was drained through a stab wound 
and the abdomen was closed. 

The patient had an uneventful convalescence 
and was discharged from the hospital on the 
ninth postoperative day. Gastrointestinal x-ray 
studies made one month after discharge showed 
a decrease in the size of the duodenal loop and 
a normally functioning anastomosis. (Fig. 2.) 
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Three months later the patient felt well and 
had gained weight. 

The patient remained well until the latter 
part of April, 1957, when he suffered an attack 
of gallbladder colic. Gastrointestinal x-ray 
films were negative and the gallbladder again 
failed to visualize. In addition, a diagnosis of 
mild diabetes was made. Cholecystectomy was 
performed on May 14, 1957, at which time no 
sign of a pancreatic cyst could be found. The 
jejunum, where it had been anastomosed to the 
cyst, was adherent posteriorly in the region of 
the pancreas. The patient’s immediate post- 
operative course was excellent. 


COMMENTS 


One may summarize the advantages and dis- 
advantages of the various surgical procedures 
for treatment of pseudocyst of the pancreas as 
follows: (1) Excision: Most ideal, but most 
difficult and dangerous. (2) Marsupialization: 
Comparatively simple but recurrences are fre- 
quent and drainage is protracted, with ex- 
coriation of the skin [8]. (3) Sphincterotomy: 
Still experimental. (4) Cystogastrostomy: Of 
value when the necessary prerequisite of ad- 
herence between stomach and cyst is present. 
There is the theoretical but unproved disad- 
vantage of reflux and lytic action of pancreatic 
secretion on the gastric mucosa. (5) Roux-en-Y 
cystojejunostomy: Short convalescence with 
none of the theoretical dangers of cystogastros- 
tomy; can be hazardous if the cyst wall is 
friable and does not retain sutures [2]. 

The intimate association of jejunum with the 
cyst wall made a Roux-en-Y cystojejunostomy 
the obvious choice in the case presented herein. 


SUMMARY 


1. Methods of treatment of pseudocyst of 
the pancreas are discussed. 

2. A case is presented of acute pancreatitis 
followed with pseudocyst formation satisfac- 
torily treated by Roux-en-Y cystojejunostomy. 
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Congenital Portacaval Anastomosis with 
Cirrhosis of the Liver 


Norman W. THIESSEN, M.D. AND RoBert W. Kapp, M.p., Cleveland, Obio 


® ys of the accepted treatments for selected 
cases of portal cirrhosis is the surgical 
establishment of a connection between the 
portal and caval venous systems. It seemed 
worthwhile, therefore, to report a case in 
which, despite an apparently adequate con- 
genital anastomosis of this type, hepatic cir- 
rhosis developed in the patient and she suc- 
cumbed to hemorrhage from esophageal varices. 

The existence of normal communications be- 
tween the portal and caval systems has long 
been known. These were first described by 
Ruysch in 1735 [2]. However, there is little to 
be found in the literature about abnormal 
communications. Simonds [3], in reporting a 
case with chronic occlusion of the portal vein, 
found seven cases in the literature with anoma- 
lous connections between the left renal vein 
and splenic veins. Edwards [4] discussed the 
functional anatomy of the portasystemic com- 
munications and stated that large communica- 
tions between the systems are rare. Madden [5] 
and his co-workers reported that in four of 
eight unselected cadavers without disease of the 
liver a natural portacaval shunt was found. 
Two were identified by dissection, one between 
the fundus of the stomach and the left adrenal 
vein, and the other between the veins of the 
mesentery of the terminal ileum and the right 
ovarian vein. Hollinshead [6] in his “Anatomy 
for Surgeons” agreed with Edwards that while 
there often are small anastomotic connections 
between the two systems, large communications 
are extremely rare. 

The patient was a fifty-four year old obese 
white woman who had been seen at various 
hospitals as an outpatient. Her visits had been 
short and there had been no hospital admissions 
or other particular investigative work. An 
electrocardiogram taken because of edema of 
the extremities was reported normal. Telangiec- 


tases were noted by one examiner. There was 
no notation of alcoholism. She lived alone as a 
semi-recluse in a rooming house, where she died. 
The anatomical dissection was done in the 
Anatomy Department of Western Reserve 
University Medical School. 

The cadaver was one of an obese white fe- 
male, sixty-four inches long. The tissues were 
well preserved by the fixative materials. Only 
those anomalies relative to the subject under 
discussion will be described. 

The spleen was small and firm, measuring 
3 cm. in each diameter. The splenic artery and 
vein were quite small, but had normal connec- 
tions at the hilus. The splenic artery took 
origin from the celiac artery. 

The liver was about normal in size and 
showed the typical hobnail external appear- 
ance of Laennec’s cirrhosis. The hepatic artery 
arose from the superior mesenteric artery. The 
hepatic veins emptied into the right atrium. 
The portal vein passed in front of the duodenum 
and to the right of the hepatic artery. 

The stomach showed marked dilatation with 
hypertrophy of its walls. It was filled with a 
large blood clot and granular material sugges- 
tive of digested blood (“‘coffee-ground”’ mate- 
rial). The right gastric and right gastroepiploic 
arteries branched from the hepatic artery. The 
left gastric artery was large and took origin 
from a relatively small celiac artery. The left 
gastroepiploic artery branched from the left 
gastric artery. 

The kidneys were large but not otherwise 
remarkable. The left ureter was reduplicated 
to the bladder where there was a single entrance 
into the bladder. 

The best explanation of the anomalies seem 
to lie in the persistence of embryological con- 
nections which normally atrophy, coupled with 
non-development of the normal structures. In 
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the early embryo the paired vitelline veins have 
three cross anastomoses: (1) a cranial connec- 
tion in the liver ventral to the duodenum, (2) 
a middle bridge dorsal to the duodenum, and 
(3) a caudal anastomosis ventral to the duo- 
denum. The portal vein normally is derived 
from the right limb of the cranial ring, the 
middle (dorsal) transverse anastomoses and 
the left side of the caudal ring. In this body 
the portal vein was anterior to the duodenum 
and thus is a persistence of the right side of the 
caudal ring of vitelline veins. The upper stems 
of the right vitelline vein become the hepatic 
veins and normally enter the inferior vena cava. 
Since the hepatic segment of the inferior vena 
cava did not develop, the hepatic veins here 
empty directly into the right atrium. 

According to Arey [1], the following em- 
bryological developments occur. Coincidental 
with the vitelline alterations certain related 
changes take place in the umbilical veins. 
When all the umbilical blood enters the liver, 
as in embryos of 6 mm., the right umbilical 
and proximal segments of the left umbilical 
veins atrophy and disappear. As the channel 
of the early right vitelline vein within the liver 
is larger than the left, the blood from the tapped 
left umbilical vein first takes that route to 
reach the right horn of the sinus venosus. But 
with the progressive growth of the right lobe 
of the liver, this pathway becomes increasingly 
circuitous. A more direct course is created 
through the enlargement of a diagonal passage 
out of the hepatic sinusoids. This is the ductus 
venosus. It continues in direct line with the 
left umbilical ven and empties into the inferior 
vena cava. 

The vein which may be called the “‘coronary 
vein” may be postulated as a persistence of 
the left umbilical vein or a combination of some 
of the intermediate sinusoids which connect 
the left vitelline vein to the portal vein and 
distal part of the left umbilical vein. Since the 
hepatic segment of the inferior vena cava did 
not develop, the vein connects with the per- 
sistent left postcardinal anastomosis, which in 
this cadaver was varicose around and behind 
the esophagus. 

The vena cava is composed, in order, of the 
following veins: (1) a hepatic segment from 
the proximal right vitelline and hepatic sinus- 
oids, (2) a prerenal segment, formed from the 
right subcardinal, (3) a renal segment, which 
comprises an anastomosis between the right 
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subcardinal and right supracardinal veins, and 
(4) a postrenal segment, from the lumbar por- 
tion of the right supracardinal vein. In this 
case the best explanation of the findings ap- 
pears to be a lack of development of the hepatic 
segment coupled with a persistence of the con- 
nection between the right sub- and supra- 
cardinal anastomoses. The prerenal segment 
then connects with this vessel, emptying into 
the superior vena cava as the azygos vein 
would do normally. The azygos vein as such 
is therefore absent, but takes the place of the 
hepatic segment of vena cava. The hemiazygos 
vein, which normally develops from the left 
supracardinal trunk, has maintained its em- 
bryological connections and thus extends from 
the left renal vein to the azygos vein which is 
the upper part of the inferior vena cava. The 
fact that the inferior vena cava and hemiazygos 
veins lay behind the crura of the diaphragm 
gives added weight to this explanation. 

Both ovarian veins emptied into their respec- 
tive renal veins. This is a normal finding on the 
left side. However, the right ovarian vein has 
maintained its connection to the renal segment 
of the inferior vena cava rather than shifting 
to the prerenal segment. 


SUMMARY 


A case of an unusual congenital portacaval 
anastomosis is reported. Portal cirrhosis de- 
veloped in the patient and she died of hemor- 
rhage from esophageal varices. This suggests 
that the existence of such a connection does not 
protect an individual from the development of 
hepatic cirrhosis. Similarly, its existence does 
not necessarily avoid the effects secondary to a 
cirrhotic liver. 


REFERENCES 


. Arey, L. B. Developmental Anatomy, 4th ed., 
revised, pp. 385-391, 344-345. Philadelphia, 1942. 
W. B. Saunders Co. 

Ruyscu. Cited by Edwards, E. A. [4]. 

. Stmonps, J. P. Chronic occlusion of the portal vein. 

Arch. Surg., 33: 397, 1936. 

. Epwarps, E. A. Functional anatomy of the porta- 
systemic communications. Arch. Int. Med., 88: 
137, 1951. 

. Mappben, J. L. et al. The pathogenesis of ascites and 
a consideration of its treatment. Surg., Gynec. e” 
Obst., 99: 385-391, 1954. 

. HotiinsHEab, W. H. Anatomy for Surgeons, vol. 2, 
chap. 8, pp. 453-460. New York, 1956. Harper & 
Brothers. 


Soe, 
Keo 
: 
‘ 
ox 
ae 
: 
3 
4 
| | 


Nilevar 


Increased nitrogen loss, with resulting nega- 
tive nitrogen balance, occurs in infection, 
trauma, major surgery, extensive burns, cer- 
tain endocrine disorders and starvation and 
emaciation syndromes. The intrinsic control 
of protein metabolism is lost and a protein 
“catabolic state” occurs. A patient requiring 
more than ten days of bedrest usually has had 
sufficient metabolic insult! to precipitate such 
a “catabolic” phase. 

Nilevar (brand of norethandrolone) has 
been used in patients with varied conditions 
including hyperthyroidism, poliomyelitis, 
aplastic anemia, glomerulonephritis, anorexia 
nervosa and postoperative protein depletion. 
The patients gained weight and felt better. 


stimulates protein synthesis, 
corrects negative nitrogen balance 


It was concluded? that “the drug certainly 
caused a reversal of rather recalcitrant or 
progressive catabolic patterns of disease.” 

Nilevar is unique among anabolic steroids 
in that androgenic side action is minimal or 
absent. 

The suggested adult dosage is three to five 
tablets (30 to 50 mg.) daily. For children 1.5 
mg. per kilogram of weight is recommended. 

G. D. Searle & Co., Chicago 80, Illinois. 
Research in the Service of Medicine. 


1. Axelrod, A. E.; Beaton, J. R.; Cannon, P. R., and others: 
Symposium on Protein Metabolism, New York, The National 
Vitamin Foundation, Incorporated, (March) 1954, p. 100. 


2. Proceedings of a Conference on the Clinical Use of Ana- 
bolic Agents, Chicago, Illinois, G. D. Searle & Co., April 9, 
1956, pp. 32-35. 
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Life-like Motion 
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through balancing weight compensation 
and natural fluidity of motion 


adaptable to any brassiere, even bathing suit 


Recommended by leading doctors because of its ex- 
cellent cosmetic results and its ability to meet the 
patient’s previously overlooked physiological needs. 
Available in 24 sizes. Expertly fitted in leading 

Stores throughout the United States and Canada 

Patented U.S.A. & Foreign Countries 


IDENTICAL FORM,1INc. 
17 West 60 St., New York 23, N.Y. 


Please send professional literature 
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(MUST BE IN GOOD CONDITION) 


THE AMERICAN JOURNAL OF SURGERY 


will pay $1.00 per copy for 


the following issues: 


December 1946 
January 1947 
February 1947 
March 1947 

February 1948 
February 1949 


Send to 


The American Journal of Surgery, Inc. 
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with Minimal 
Toxicity, 


Sensitization 


Primary 


Fast Acting Kills quickly. Has pro- 
longed bactericidal action. 


Non-Selective Exertsa lethal action 
against a wide variety of organisms, 
including many resistant to topically 
applied antibiotics. 


No Corrosive Action Not likely to 
irritate skin or mucous membranes. 


Non-Staining Colored germicidal 
film delineates area. Can easily be 
washed off skin and natural fibers with 
water. 
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brand of Povidone* 


-Iodine Complex 
(*Polyvinylpyrrolidone ) 


ANTISEPTIC 


Resistance Does Not Develop Does 
not stimulate development of resistant 
strains of organisms. 


May be covered with gauze or adhesive 
bandage. 


Betadine antiseptic available in 1 pint and 
1 gallon bottles. 
Sample and literature upon request. 
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Compression 


the depen. | ELASTOPLAST | 
ee Trade Merk 
able Original Molds and holds to any contour . . . Allows joint " 
E-L-A-§S-T-1-C motion . . . Provides firm support and controllable 
. compression . . . Does not slip. Assures the neatest, 
Adhesive most comfortable dressing in private and hospital 
Bandage practice. Available at your dealer in widths of 1, 2, 
9 214, 3, 4, 5 and 6 inches, 3 yards long (slack). 


* Elastoplast is also available in convenient unit dressings and compresses. Write for literature. 


The American Journal of Surgery 


publishes the papers of 
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The Pacific Coast Surgical Association 


The American Society of Maxillofacial Surgeons 
The American Association for the Surgery of Trauma 
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this unequaled record of effectiveness 
and safety makes GANTRISIN 
the synonym for uncomplicated 


sulfonamide therapy 


three of the reasons why GANTRISIN 
is the most widely used sulfonamide 


1 SAFETY — Gantrisin may be used even in patients 
with renal impairment. 


EFFECTIVENESS — Gantrisin provides potent antibac- 
terial effect, but without the risk 
of monilial rebound. 


3 SOLUBILITY — in both acid and alkaline urine. 
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MORCH PISTON RESPIRATOR 


For continuous mechanical hyperventilation 


(As described in Armamentarium Vol. Il—No. VIII) 
Ask for your copy 


A simple, dependable unit, especially halation valve prevents re-breathing. 
valuable in prevention of paradoxical Only two simple adjustments—for 
respiration in crushing injuries of the rate and volume. Hand bellows for 
chest; also in postoperative respira- continuous operation in case of 
tory insufficiency, poliomyelitis, brain power failure or while transporting 
injuries, barbiturate poisoning. Blows patient. Compactly assembled in 
humidified air into patient’s lungs, clear plexiglas case, on rollers. 

with or without added oxygen. Ex- 


AS-1665—Each (with two exhalation valves) $1,290.00 


MORCH SWIVEL 


TRACHEOSTOMY TUBE 


(for use with MORCH 
PISTON RESPIRATOR) 


Modified standard Jackson trachea tube with 
swiveling T-piece for reliable connection be- 
tween tracheostomy tube and respirator. Pre- 
vents inadvertent rotation and twisting of 
tube . . . does not reduce airway at any 
point . . . permits easy aspiration of secre- 
tions. May be boiled or autoclaved. Tube Size 
4 (BE-214) and Tube Size 6 (BE-216) Each 
$20.50; Tube Size 8 (BE-218) Each $22.50. 


UELLER CO. 


330 South Honore Street 
Chicago 12, Illinois 
Dallas * Houston * Los Angeles * Rochester, Minn. 
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NOTES AND QUOTES 


A Tiny electronic meter for measuring blood 
pressure has opened a new field for under- 
standing heart failure, shock and other blood 
circulation disorders. The meter, about the 
size of the end of a match stick, is inserted into 
a vein and may be gently pushed up and into 
the chambers of the heart and blood vessels 
of the lungs. The movement causes no pain or 
discomfort, and tissues of the veins are not 
damaged in any way. 

Dr. Herbert O. Sieker, Assistant Chief of 
Medical Service at the V. A. hospital in Dur- 
ham, North Carolina, has used the tiny gauge 
to measure blood pressure in the veins of ten 
normal persons and fifteen patients with 
symptoms of heart disease. He said he usually 
takes from fifty to 100 different readings for 
each patient. 

Although doctors have long been able to 
measure the pulse of the blood as it is pumped 
by the heart through the arteries, measurement 
of pressures involved in return of blood through 
the veins has been difficult, Dr. Sieker explained. 

The variations in pressure of the venous 
blood traced are minute. The greatest pressures 
found in some of the extremities are something 
like the weight of an ordinary lead pencil. 

The little meter, called a manometer, is 
fastened to the end of a thin, flexible plastic 
wire and inserted into a vein at a convenient 
point on the arm. The meter contains a small 
float or plunger that hangs freely in a magnetic 
field, with the tension of a tiny coil spring. 

Slight variations in the low pressure of blood 
in the veins make the plunger move and cause 
electrical impulses which are transmitted along 
the wire to an amplifier and recording device. 
The results are read by the doctor as a band 
of waves. 


New indications that atherosclerosis may result 
from eating too much of one kind of fat and not 
enough of another kind was reported recently by 
a scientist at Abbott Laboratories. 

He told the Division of Biological Chemistry 
at the American Chemical Society’s national 


meeting in New York that be and otber Abbott 


scientists produced atherosclerosis in rabbits 
within 100 days by feeding the animals a special 


diet in which the only fat was hydrogenated 
coconut oil. 


However, be said, there was no evidence of 
atherosclerosis in rabbits whose dietary fat con- 
sisted entirely of safflower oil. 

Hydrogenated coconut oil is almost entirely 
saturated and contains almost no essential fatty 
acid. It bas a fatty acid composition unlike most 
other vegetable oils. Safflower oil, however, con- 
tains little saturated fat, but about 70 per cent 
essential unsaturated fatty acid. 

A number of studies during the past half 
century bave pointed to the relationship of dietary 
fat to blood cholesterol levels and atherosclerosis 
in certain animals and humans. Only recently, 
however, have such studies called attention to the 
different effects on blood cholesterol levels of 
various kinds of dietary fats. 

“Experiments are needed to determine whether 
the human is just as susceptible as the rabbit to 
the good or ill effects of various types of dietary 
fat,” said Dr. Douglas V. Frost, Head of Ab- 
bott’s Nutrition Research Department. 


A NATURALLY occurring plant hormone is being 
used by University of Wisconsin scientists to 
inhibit the growth of Iaboratory-induced plant 
and animal tumors. 

The hormone, at present named “‘antiauxin,” 
has been effective in preventing experimental 
tumors caused by more than 100 chemical 
agents. 

Scientists R. H. Roberts, Louise Wipf, and 
B. Esther Struckmeyer, reporting their results 
to fellow scientists at the American Insti- 
tute of Biological Sciences meeting at Stan- 
ford University, point out that the hormone 
also limits the development of experimental 
skin tumors on mice caused by such ani- 
mal carcinogens as 3-4 benzopyrene and 
methylcholanthrene. 

In addition to causing tumors of the skin on 
mice, these chemical agents also caused a 
swelling of lymph nodes, kidney and spleen. 
These structures were held to near normal 
sizes when the antiauxin was applied. 

The chemical agents were found to produce 
a marked reduction in the fat content of the 
treated animals. When antiauxin was used, 
however, the hormone was highly effective in 
protecting the mice from this loss. 

It is necessary to use very dilute applications 
of the hormone—from 25 to 50 thousandths of 
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New Comfort and Security CAXMP VICTORIA COLLAR 
with Lou-Jen Colostomy Belt | | arthritis 


and cervical radiculitis . . . for 
convalescence after casts in 
fractures or dislocations. ‘Open 
throat’ assures comfortable all 
season wear... light yet sim- 
ple, rigidly constructed. Can be 
shaped to conform to head and 
body. Turnbuckle adjustments 
at sides and front offers wide 
range of control. In small, me- 
dium and large sizes. 


CAQAP ARM SLING 


FOR MEN 
FOR WOMEN 


Light Weight Surgical 


Elastic with Removable 
Plastic Bag Inserts. 


The Lou-Jen Colostomy Belt with inset plas- 
tic bag is easily adjustable to size and position 
needed. Zippered, interchangeable panels 
assure firm fit with bag positioned where 
needed. Lightweight to wear, cannot be told 
from health belt when cover is in place. No 
metal or wire. Can be worn under light 
clothing without detection. Fits under girdles 
and corsets, if desired. 


Write for Literature 
The Lou-Jen Company 


505 WEST NINTH ST. KANSAS CITY, MO. 


ileostomy-colostomy 
erifil 

TABLETS, 3 


for literature and samples write to 


COMPANY - MOUNT VERNON, N.Y. 


29157 


THE PUGH HIP NAIL 


No. 275 


This appliance has unusual strength, 
adjustability . . . for fixation of 

the nail and plate combination for 

fractures of the neck, of the femur, 

inter and subtrochanteric fractures. 

Order from your surgical supply dealer. Reprint 
from the Journal of Bone and Joint Surgery 
available on request. 


EQUIPMENT. CO. 


for men, women and children 
i The new Camp arm sling offers 
these advantages: (1) supports 
the weight of the injured arm 
on the opposite shoulder (2) has 
a special tie feature which pre- 
vents arm dangling when the 
patient stoops and (3) support 
from the uninjured shoulder 
eliminates pull on the cervical 
spine. Available for right or 
left arms in extra small, small 
and medium sizes. In sturdy 
gray fabric. 


Ss. H. CAMP & COMPANY, Jackson, Michigan 


World's Largest Manufacturer of Supports and Appliances 


UNIVERSAL BONE PLATE 


The FIRST completely adjustable in- 
tertrochanteric bone plate! Designed 
to provide BOTH vertical and lateral 
angulation. For use with Smith- 
Peterson Nails or Lorenzo Screws. 
35° range of vertical plane adjust- 
ment and 15° range of lateral ad- 
justment to meet a wide variety of 
anatomical conditions. NO plate 
bending required. Properly adjusted 
angulation rigidly held by exclusive 
locking washer under double locking 
screw combination or solid Hex bolt. 
SMO stainless steel. No. 693. 


Write for complete details! 


DEPUY MANUFACTURING CO.. INC. 


WARSAW 4, INDIANA 


Since 1895 


RADIUM 
RADON 


SEEDS — APPLICATORS 


THE RADIUM EMANATION CORP. 
GRAYBAR BUILDING, NEW YORK 17, N. Y. 


MURRAY HILL 3-8636 


In answering advertisements please mention The American Journal of Surgery 
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NOTES AND QUOTES CONTINUED 


I per cent—to obtain the best control, the 
scientists point out. Both the chemical agents 
ang the antiauxin are fat soluble, which sug- 
gests that the origin of tumorous growth lies 
in the field of fatty metabolism, they add. 

When the normal fatty physiology is dis- 
turbed, especially if the disturbance is pro- 
longed, tumorous growths can arise. 

Judging from the effect the antiauxin has in 
controlling a wide range of tissue disturbances, 
the UW scientists suggest that the hormone 
plays a role in keeping tissue normal. It could, 
consequently, be a member of a protective or 
repair mechanism of the organism, they point 
out. 


A booklet designed to explain to patients with 
injury to the spinal cord and their families facts 
about their disability as well as methods, prac- 
tices and philosophy that can prove helpful in 
their daily lives has been published by the Insti- 
tute of Physical Medicine and Rebabilitation of 
New York University-Bellevue Medical Center. 

The thirty-eight—page manual entitled, “‘ Primer 
for Paraplegics and Quadriplegics,”: is the first 
of a new series of patient publications concerned 
with specific disabilities which will be issued by 
the Institute. 

The manual was prepared by Dr. Seymour S. 
Bluestone, now Director of the New York State 
Rebabilitation Hospital, with the assistance of 
senior faculty members of the Department of 
Physical Medicine and Rehabilitation of N. Y. U. 
College of Medicine. Material for the booklet was 
obtained over the past ten years from corre- 
spondence with more than 1,000 paraplegic and 
quadriplegic patients as well as from studies 
made by the professional staff of all the Institute’s 
services. 

In addition to discussing the very specific prob- 
lems faced by one with total or partial paralysis 
from injury to the spinal cord, the manual 
familiarizes the reader with opportunities avail- 
able through The Office of Vocational Rebabilita- 
tion of the U. S. Department of Health, Educa- 
tion and Welfare, and the National Paraplegic 
Society. 

Copies of ““Primer for Paraplegics and Quadri- 
plegics” can be purchased for 50 cents from the 
Institute of Physical Medicine and Rebabilita- 
tion, 400 East 34th Street, New York 16, N. Y. 
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A NEw hospital bed which automatically re- 
turns to an exact level position from any spe- 
cial therapeutic position has been developed by 
Harris Hub Company, Inc., Chicago. 

Called the Adjusto-Hite, it is said to be much 
easier and faster to operate than any variable 
height bed, saving nurses’ time. It is expected 
to be used in hospitals, industrial first aid and 
medical stations and institutions such as 
colleges, with medical facilities. 

The bed contains a specially designed plane- 
tary bearing which acts as a leveling device to 
return the bed automatically from tilted to 
normal position. After the bed is tilted at either 
head or foot for therapeutic treatment, an 
adjustment crank returns the bed easily to a 
level position without any further adjustments 
by the operator. 


Invisible ink and black light are proposed as a 
new foolproof system to avoid mixups of new 
born babies in hospitals. The ink is a safe chemical 
bleach. With it, names and identifying marks are 
written on both the baby’s and mother’s skin at 
the moment of birth. This writing shows up only 
when exposed to ultraviolet or black light. It wears 
off completely soon after mother and child leave 
the bospital. 

The system is proposed by Dr. Herman Good- 
man, New York dermatologist, in a new book, 
“Identification of The Newly Born.” Baby 
mixups are rare, but still happen, be points out. 
Even the possibility causes worry. 


DeEspPITE much progress in their prevention, 
accidents are still the fourth leading cause of 
death in this country, according to an analysis 
released by Health Information Foundation. 

A recent issue of the Foundation’s statis- 
tical bulletin, Progress in Health Services, 
pointed out that the annual number of acci- 
dental deaths has remained fairly constant at 
about 100,000 since 1932, but death rates per 
100,000 population have gone down 40 per cent 
in the last half century. Recent medical 
advances have had much to do with the 
improvement. 

“In general,” the bulletin states, “safety 
against accidents has achieved the greatest 
success where society has been able to bring 
its organized influence to bear . . . Where the 
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PAIN- 


The predominant symptom for which a 
majority of patients seek medical help. 

For nerve block control of neuralgic phases of 
somatic pain, SARAPIN, the aqueous non- 
toxic distillate of Pitcher Plant has been used 
successfully by clinicians throughout the coun- 
try for nearly a decade. 


An extensive discussion giving 
details of the technique of 
regional analgesia may be 

found in our booklet * ‘Sarapin, 
Injection Technique in Pain 
Control,” and is available on 
request. 


HIGH CHEMICAL COMPANY 
Philadelphia 22, Pa. 


RECOGNIZED BY NOTED SURGEONS 
AND LEADING CLINICS 


INEXPENSIVE 
4 PAPER THIN 
FEATHERWEIGHT 


Perry Sleeve 
PERRY APPLIANCES 


the utmost importance in 
e manufacture of all Perry Products. 


Perry Appliances are made in a variety of models and sizes. 
They have been highly recognized since 1939 


Perry Slip-on Sleeves for preventing leakage of ileostomies 
and uretorstomies are superior to adhesives and cements. 
For best results, = stoma should extend out beyond the 
skin surface ? in ch oi? ater 1 inch. Diameter 


sizes 4. $. 3. %. 1. 14. ‘th. 1j. 1 


Write for price list and literature 


MURLE PERRY 
3803 E. Lake Street Phone PA 2-4783 Minneapolis 6, Minn. 


Do You Own a 
MODERN DRUGS 
Binder? 


Capacity 18 Issues. Price Prepaid $2.50 


This convenient Desk Reference Binder 
is bound in Red Fabric and will hold 
eighteen issues of Modern Drugs. 


DRUG PUBLICATIONS, Inc. 
11 East 36th Street, New York 16, N. Y. 


ROLO-DERMATOME 


@ Simple, fast blade 
Changing...always 
ready. 


@ Graft thickness 
easily regulated. 


@ Rolls...requires no 


skin preparation. Rolo-Dermatome guaranteed for two years. 


Orthopedic frame Company Kalamazoo, Mich, 
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NOTES AND QUOTES coxnsven 


individual himself must assume most of the 
responsibility for his own safety, progress has 
been slower.” 

Strict enforcement of safety regulations and 
the growth of safety consciousness, as well as 
improved work conditions, living standards 
and medical care, have resulted in a sharp 
decline in deaths from industrial accidents. 
Accidental deaths involving railroads and 
scheduled airlines have also diminished greatly. 

Less improvement has been shown in the 
American home, where about 30,000 accidental 
deaths occur each year. Most of them are 
caused by falls or fire, with old people and small 
children the most frequent victims. 

Although the 1956 motor vehicle death toll, 
40,000, was the largest in history, there are 
signs that automobile travel is becoming safer 
in terms of actual miles driven. The number of 
deaths per 100 million miles fell from 16.7 in 
1934 to 6.4 in 1955 and 1956. 

Although the over-all accident picture has 
improved, the Foundation comments, too 
many people still ignore the rules of safety, 
“just as they ignore the opportunities provided 
by modern medical care. 

“Clearly, accident tolls and costs could be 
reduced further—as could incidence of illness 
and premature death if the public gave greater 
attention to preventive health measures, better 
health habits and early consultation with 
physicians.” 


Drs. A. H. Douglas, P. Samuel, W. P. Wagner 
and I. Gubernick studied the effects of amiso- 
metradine (rolicton®) on fifty-four patients with 
congestive heart failure (New York J. Med., 57: 
3631, 1957). Of these, twenty-six were ambula- 
tory (class 3) and twenty-eight were hospital 
cases (class 4). Ages ranged from fourteen to 
eighty-erght. 

Results were classified as good, fair or poor 
as determined by weight loss, need for injection 
of a mercurial diuretic, and response of symp- 
toms and signs of congestive failure. 

As determined by these standards, the effects 
of the medication were found to be good in 61 per 
cent, fair in 20 per cent, and poor in 19 per cent 
of the patients. In the class 3 cardiacs treated 
with relatively small doses, the results were good 
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in 52 per cent, while in the class 4 cardiacs 
treated with maximum tolerated doses, the results 
were good in 68 per cent. 

In two patients with marked anascarca, 
unresponsive to sodium restriction, digitalization, 
ammonium chloride and meralluride, a marked 
diuresis developed when they were given 4.0 gm. 
of amisometradine in conjunction with the 
mercurial. 

While the mercurials have remained the most 
valuable of the diuretic agents, their use may be 
complicated by various undesirable effects. When 
given by injection, they produce peaks of diuretic 
activity with reaccumulation of sodium and water 
between the injections. 

Recognition of the limitations of mercurial 
diuresis bas stimulated investigative work directed 
toward the discovery of non-mercurial drugs 
which could be used to supplement their effect 
when necessary or to substitute for them. 

These investigators found amisometradine an 
effective and safe oral diuretic. It can be used to 
supplement the effect of a mercurial, to reduce 
the need for parenteral therapy, and to substitute 
for a mercurial when use of the latter is contra- 
indicated. In mild congestive failure, 0.4 gm. 
twice a day may be adequate for maintenance of 
a dry weight. With more persistent cardiac failure 
the dose should be increased to the point of nausea. 
Most of the patients in this study were able to 
tolerate 1.0 gm. four times a day without distress. 

No renal, hepatic or hematologic complications 
appeared in this series, nor was there evidence 
of refractoriness to the drug. 


SciENTIFIC background for the relative opti- 
mism expressed regarding President Eisen- 
hower’s chances for complete recovery is pro- 
vided in the pamphlet “‘Good News for Stroke 
Victims” (price, 25 cents) just released by the 
non-profit Public Affairs Committee, 22 E. 
38th St., New York, New York. 

The pamphlet points out that the chances 
for overcoming the effects of a stroke are much 
greater today than they would have been even 
four or five years ago. It describes in some detail 
the various types of strokes, pointing out that 
the type which has affected the President is 
the kind that most readily yields to treatment 
and control. 
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A NEW BINDER For Patient Protection 


Keep your copies of AJS_ for | 
finger-tip reference in this hand- "a 

some orange fabric binder with 
( gold lettering. Holds SIX jour- 
m nals per binder. Only $2.00 each, 
rican USA, Canada and Mexico; $2.50 
each elsewhere. (Sent postpaid in 
sturdy carton.) 


The American Journal 
of Surgery, Inc. 


11 East 36th St., New York 16,N. Y. 


MYO-CERVICAL COLLAR 


The Myo-Cervical Collar is used for 
whip lash injuries, arthritic necks, 
torticollis or wry neck, and generally 


to stabilize or slightly hyperextend POSEY SURGICAL HELMET 


— 


the cervical region. It has also been Eo . 
of sand bags, the For use on patients after brain 
m to stabilize the hea dded ckets over eac 
in cataract o t d for h sponge Tubber — 
stabilization after facial Bm A lh an ear. Chin strap buckles on top of patients 
peg to head, out of normal reach, Small, medium, 
r Forrester Collar 
of cervical fractures.) by Cat. No. H-356. 
No. 710 A-Large No. 710 B-Medium 
No. 710 C-Small No. 710 D—Small, Extra Long J. T. POSEY COMPANY 
ill Bivd., Dept. AJS 
ZIMMER MANUFACTURING CO. 


WARSAW, INDIANA 


67th YEAR OF PUBLICATION 


The Leading Independent Surgical Journal 


PRESENTS THE PAPERS OF .. . 


The American Association 
for the Surgery of Trauma 


START YOUR SUBSCRIPTION WITH THIS ISSUE 


The Pacific Coast Surgical Association 


& 
7 The American Journal of Surgery 

The American Society of | 11 East 36th Street, New York 16, N. Y. 
Cae ee Please enter my subscription to The American 
= | Journal of Surgery. Yearly $15.00 U.S.A.—$16.00 

OTHER REGULAR FEATURES . . . Canada—$17.00 Foreign 
New Instruments —— 

Book Reviews Zone...... ..... 


In onswering advertisements please mention The American Journal of Surgery 
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iron preparation 
for intramuscular 


Published reports’”* confirm the advantages of IMFERON when paren- 
teral iron is preferable in iron deficiency anemias; pregnancy; infancy; 
resistant hypochromic anemias; geriatric patients; blood loss; patients 
with peptic ulcer, ulcerative colitis; intolerance to oral iron. Easy to 
administer, notably free from unpleasant or toxic effects, quickly 
absorbed and utilized, IMFERON produces prompt hematologic and 


clinical improvement. 


PRECISION THERAPY...PROMPT RESPONSE 


INTRAMUSCULAR IRON-DEXTRAN COMPLEX 


SUPPLIED: 2-cc. and 5-cc. ampuls, boxes of 4. There are 50 mg. of elemental 
iron per cc, of IMFERON. 

IMFERON® is distributed by Lakeside Laboratories, Inc., under license from Benger Labora- 
tories, Limited. 

BIBLIOGRAPHY: (1) Hagedorn, A. B.: J.A.M.A. 164:1642 (Aug. 10) 1957. 
(2) Brown, E. B., and Moore, C. V, in Tocantins, L. M.: Progress in Hematology, 
New York, Grune & Stratton, Inc., 1956, vol. 1, p. 25. (3) Hagedorn, A.‘B.: M. Clin. 
North America, Philadelphia, W. B. Saunders Company (July) 1956, p. 983. 
(4) Grunberg, A., and Blair, J. L.: A.M.A. Arch. Int. Med. 96:731, 1955. (5) Baird, 
I. M., and Podmore, D. A.: Lancet 2:942 (Nov. 6) 1954. (6) Cappell, D. F; Hutchi- 
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SODIUM-FREE 
NON-/RRITATING 


PHARMASEAL LABORATORIES 
affiliate cf DON BAXTER, INC. « Glendale 1, Calif. 
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widely used 
tor routine 
cleansing 


the new 
sodium-free 
enema — 
safer, non- 
irritating 
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cost 
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store 
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SUCCINYLSULFATHIAZOLE 


Preoperatively, SULFASUXIDINE prepared this pa- 
tient for intestinal surgery — reduced enteric coll- 
forms 95-99.9 per cent... minimized danger of 
contamination and secondary infection. 


Postoperatively, SULFASUXIDINE will continue to 
suppress bacterial growth; lessen danger of perito- 
nitis. Flatulence will be diminished...tissue repair 
progresses satisfactorily. 


SULFASUXIDINE confines its bacteriostatic poten- 
tial to the gut — absorption is very low — systemic 
reaction Is rare. 


As adjunctive therapy SULFASUXIDINE has demon- 
strated great value in acute and chronic colitis. 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., INC., PHILADELPHIA 1, PA. 
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